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An Exceptionally 





| The logical sequence of this unusually well written book pro- Contents 
vides the reader with a brilliantly clear picture of microbiology. © The World of Microorganisms 
Equal attention is given to each of these four major phases of ® The Tools of the Microbiologist 
microbial life: (1) A general survey of microorganisms. (2) A © The Cell 
detailed study of the biology of bacteria—their metabolism, @ Major Groups of Microorganisms 
growth, death, and genetics. (3) The ecologic relationships and © Protozoa 
the role of microorganisms in natural and controlled environ- e Algae 
ments, (4) The interactions of pathogenic microorganisms with © Molds 
their animal and plant hosts. e@ Yeasts 
® Viruses and Rickettsiae 
Excellent visual material © Morphology of Bacteria 
Fi : . “ ® Bacterial Metabolism 
You'll appreciate the wealth of outstanding diagrams, line draw- P 
: P = @ Growth and Death of Bacteria 
ings, and photographs that serve as an extension of the principles ‘ . 
< e Effects of Environment Upon Bacteria 
and general concepts presented in the text. Dr. Carpenter uses cad pam ‘ ; 
E : : : ® Inhibition and Killing of Microorganisms 
these visual aids frequently to graphically demonstrate chemical mee : ’ 
i a spies ® Variation and Genetics of Bacteria 
relationships and reactions, assisting students who have weak ens ote 
é @ Identification and Classification of 
chemistry backgrounds. Rasteiie 
@ Microorganisms in their Natural 





Versatile New Text 





Carpenter’s 


MICROBIOLOGY 


This beautifully illustrated volume serves the needs of students of widely divergent interests. It may 
be used to provide an excellent foundation for the student going into the medical professions or into 
pathogenic bacteriology; sanitary, soil, or industrial microbiology. It also serves admirably students 
of home economics, agriculture, liberal arts, teacher education, and pharmacy who plan to take only 


one course in the field of microbiology. . . 





Four phases of microbial life 








An accurate, uncomplicated picture Environmental Habitat 





@ Microbiology of Foods 

The author presents a strictly accurate, concise, and flowing dis- © Microbiology of Dairy Products 
cussion of the world of microorganisms, while keeping the ma- © Industrial Microbiology 
terial as uncomplicated and as free of memory detail as possible. © Infection and Disease 
Emphasis is placed on learning the basic unity of vital processes © Resistakes wil Dhresce 
and discovering the interplay among microscopic organisms and © Chemotherapy 
between them and macroscopic organisms. You will particularly © Ecology of Infectious Disease 
appreciate the up-to-date treatment of bacterial metabolism and 

: : . ° . By PHILIP L. CARPENTER, Ph.D., Professor of Bac- 
genetics and the practical chapters on applied microbiology. teriology, University of Rhode Island. About 480 pages, 


x 9%”, with 246 illustrations. About $6.75. New— 


You'll want to consider this admirably designed volume if you me Ready in April! 


give a one-semester introductory course in microbiology. 











W. B. SAUNDERS Company, West Washington Square, Philadelphia 5 
SSS SSeS wo 
GLADLY SENT TO COLLEGE TEACHERS ON APPROVAL 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 
additional mailing office. Annual subscriptions: $8. 50; foreign postage, $1.50; Canddian postage, 75¢. 
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POLYPEPTIDES 

ALL AMINO AC/DS 
NUCLEOTIDES 

MANY OTHER COMPOUNDS 





MODEL D 


high-voltage 


ELECTROPHORATOR 


q ELECTROPHORESIS IN ONE DIMENSION 


on 18,” x 2214.” sheets of filter paper (Chromatography may be done in second 
dimension). Many complex mixtures can be rapidly resolved by electrophoresis 
in one dimension on papers up to 4 feet long. 

Developed in the Laboratory of Cellular Physiology and Metabolism, National 
Heart Institute, National Institutes of Health, Bethesda, Maryland. Special 
thanks are due to Dr. William J. Dreyer, whose co-operation and suggestions 
are gratefully acknowledged by Gilson Medical Electronics. 





* Easy loading with folding rack * Safety features: 
Strong, joint-free fiberglass tank eliminates elec- 
¥K 5,000 volts at 300 ma. Y trical and fluid leaks 


Paper immersed in bifurcated fiberglass tank con- , High voltage connected to inside of tank by Nylon 
taining Varsol and stainless steel plugs attached to edge of tank 


* Varsol, a light petroleum fraction, has a high flash  ¥ 


she of the cover handle 
point (over 100° C.), does not conduct electricity, 


and has the proper degree of volatility J When cover is removed, high voltage is ipso facto 
turned off 
> Cold tap water run through stainless steel coils at J No capacitors to sneakily store electricity in ap- 
top of tank is only coolant necessary paratus 


GILSON MEDICAL ELECTRONICS 


“MIDDLETON, WISCONSIN | sae 
(ON MADISON'S WEST BELTLINE HIGHWAY 
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Observations from space vehicles will provide further clues to the history of 

the earth-moon system. 
Eradication of Infectious Diseases: T. A. Cockburn .......... I ee 

“Control” is an unending operation. After “eradication,” no Seite 

effort is required. 
On the Unity of the Sciences: F. L. Horsfall, Jr. ........ : ee re 

Interreactions among the physical and biological sciences < ei that 

unification is progressive. 
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DU RCnGIGSs; As COWIMNGAME 2s oe viw's.s ean mee RES 1070 
Uptake of Tritium-Labeled Norepinephrine in Brain and Other Tissues of Cat 

in vivo: H. J. Dengler, H. E. Spiegel, E. O. Titus ...... +c bea ee 
Verses in, ROOts. GF Marsned- Ks "A. White... oo ia Same sci oeekcaeaee ecu 1073 
X-rays Affect the Incorporation of 5-Iododeoxyuridine into Deoxyribonucleic Acid: 

Bee OREN IE (CE MRE 6. oat ee sacle ale fs: Ua ssl cca», goles oneal sy cee) 2 oak a ree eteee aaa 1074 
Fallout Radioactivity in Cattle and Its Effects: M. A. Van Dilla, 

G. R. Farmer, V. R. Bohman 1075 
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Radioactive Dating of Tertiary Plant-Bearing Deposits: G. E. Rouse and W. H. Mathews 1079 


Effect of Electroconvulsive Shock of an Extinguished “Fear” Response: 
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Possible Effect of Lethal Visible Light on Year-Class Fluctuations of Aquatic 
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Replica of a fractured, frozen crystal of poliovirus, showing various planes within the 
crystal (electron microscope, X 100,000). See page 1059. [R. L. Steere and F. L. Schaffer, 
Biochmimica et Biophysica Acta 28, 241 (1958); Virus Laboratory, University of 
California, Berkeley] 
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Purify chemicals faster, easier than by traditional methods with new, automatic Fisher Zone 
Refiner. In one operation, it removes impurities from most organic and inorganic chemicals that melt 


between 50°C and 300°C. Purifies charges of less than 1 mi or as large as 55 ml. Can be used to con: 
centrate impurities for accurate counts or to distribute a specific impurity uniformly. 
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Strong, safe, corrosion-resistant Castaloy®-R clamps and 
holders are the latest from Fisher development lab where 
scores of new instruments and appliances have been born. 
Choose from 37 Castaloy-R items now in production. 


Fill your requirements fast from the nearest of Fisher's 
14 brimful branches. Whether you want a few grams of a rare 
Organic compound or a trailer load of top-purity, lot-analyzed 
sodium hydroxide, it’s probably stocked by Fisher. 
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ETTING an exacting production-line O.K. is this 
Fisher Zone Refiner (left). Automatically, it will 
sweep impurities out of most commercial reagents, 
upgrade them to well-nigh primary-standard quality. 
It’s representative of many laboratory instruments 
and appliances only Fisher Scientific makes in its 
new 116,500-sq-ft plant... so that your work can 
be simpler, faster, surer, safer, or more economical. 
Manufacturing is one aspect of Fisher... others 
are explained below. Together, they are the reason 
why Fisher Scientific is a leader in laboratory instru- 
mentation and reagent chemicais...and your com- 
plete, start-to-finish source for laboratory needs. 


P 
® 


Custom glass blowing to your drawings and specifications by 
master glass blowers is among the valuable extra services Fisher 
offers. Call on Fisher for everything from reliable instrument re- 
pairs to expert counsel in planning and equipping your lab. 


Like to know more about Fisher’s ways of help- 
ing you? Full details in free, data-packed bulletins. 
Merely clip, fill out and mail coupon to Fisher Scien- 
tific Company, | 39 Fisher Building, Pittsburgh 19, Pa. 


Fisher Scientific Company 

139 Fisher Building 

Pittsburgh 19, Pa. 

Please send me the following information: 

O “This ts Fisher’’ (0 Chemical Index 

(0 Fisher ‘‘Zone Refiner"’ (0 Custom Glass Blowing 
0 Fisher ‘‘Castaloy-R"’ Appliances 


Name. Title 





Company___ 





Street_ 
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FISHER SCIENTIFIC 


World’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


Boston + Chicago « Fort Worth + Houston +» NewYork « Odessa, Texas 
Philadelphia » Pittsburgh + St.Louis « Washington « Montreal * Toronto 
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WALTER SULLIVAN, 

New York Times science expert, 
has written the 

first authoritative account 

of the history-making IGY 


ASSAULT 
ON THE 
UNKNOWN 


THE INTERNATIONAL 
GEOPHYSICAL YEAR 


“The subject is just made for 
Sullivan, and he has done it 
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REVISED JET-AGE EDITION, $4.95 
By KENNETH M. SWEZEY : 
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“TNITRON'S Model MSA 


: sier 
akes teaching ea 
es learning faster! 


Here is a teaching microscope with built- 
in features to aid the instructor and 
student, yet priced for school budgets. 


¢ Comfortably inclined eyepiece ro- 
tates 360° permitting two persons 
to share the same instrument, make 
comparisons, discuss results 
¢ High intensity illuminating system 
_ with built-in transformer base 
se Substage condenser with aperture 
iris diaphragm assures correct and 
brilliant illumination at all powers 
« Low positioned coarse and fine 
focusing controls with protective 
stops to prevent damage to objec- 
tives or slides 
» Large stage projects beyond objec- 
tive preventing accidental damage 
« Three parfocal achromatic ob- 
— 4X, 10X, 40X of pro- 
lessional quality with full numer- 
ical aperture and resolvin wer 
... three eyepieces 5X, 10X, 
aa aise magnifications from 20X 
to 600X 
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« 10X widefield eyepiece now op- 
tionally available ... gives large, 
flat field of view an 
magnification 


FREE 10-DAY TRIAL 
Even higher discounts on 
quantities more than 10, 


UN/ITRON 


desirable 


INSTRUMENT COMPANY @ MICROSCOPE SALES DIV 
66 NEEDHAM ST. NEWTON HIGHLANDS 61, MASS 
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Letters 


Criteria for Research Grants 


Where large sums are dispensed for 
research, selection of a basis for judging 
applications becomes of the utmost im- 
portance. Ernest M. Allen, chief, divi- 
sion of research grants, National Insti- 
tutes of Health, is certainly to be com- 
mended for publishing these criteria, 
as applied by NIH [Science 132, 1532 
(1960)]. 

Obviously, these criteria will be ef- 
fective in eliminating ill-considered, 
thoroughly weak applications. But how 
would the strong, unconventional ap- 
proach fare—the application in support 
of research that breaks away from 
precedents to blaze new paths? 

To answer this question, it may be 
of interest to examine how some of the 
research projects of the past, which are 
today considered milestones of medical 
progress, would have fared had they 
been submitted to a National Institutes 
of Health of their respective times and 
judged by the accepted authorities of 
their day, organized as study commit- 
tees and judging the applications by the 
criteria published by Allen. 

To take a few examples: If William 
Harvey, whose brilliant studies led to 
the understanding of blood circulation, 
had applied to an NIH of his time for 
a grant to explore this subject, it would 
no doubt have been rejected under 
Allen’s shortcoming No. 3 (“The prob- 
lem is more complex than the investi- 
gator appears to realize’’). 

Prior to the work of Albert von 
Haller, it was believed that the nerves 
were tubes which pumped “nerve 
fluid” into the muscles, thereby causing 
them to bulge and contract. Von Haller 
disproved this and introduced the mod- 
ern concept of irritability and response 
to stimuli. An application for support 
from von Haller to an NIH of his 
time would apparently have been re- 
jected under Allen’s shortcoming No. 
21 (“The investigator is spreading him- 
self too thin; he will be more produc- 
tive if he concentrates on fewer proj- 
ects”), for von Haller was ranging 
widely between poetry and _ plant 
physiology. 

Any support for William Beaumont’s 
pioneering studies on gastric function 
would have been precluded under 
shortcomings Nos. 13 and 15 (“Con- 
trols are either inadequately conceived 
or inadequately described,” and, “The 
number of observations is unsuit- 
able”), for Beaumont worked with a 
single subject, a fur trader who had 
a permanent opening in his stomach 
as a result of an accident with a mus- 
ket. 

If A. L. Lavoisier had applied for a 


grant from NIH to extend his quanti- 
tative combustion studies’ to human 
metabolism, he would have been turned 
down under shortcoming No. 24 (“It 


appears that other responsibilities 
would prevent devotion of sufficient 
time and attention to this research’), 
for Lavoisier earned his living as a 
tax collector. 

If Louis Pasteur had applied for a 


grant to an NIH for support for his § 


work on bacterial vaccines, he would 
have been turned down under short- 
coming No. 17 (“The investigator does 
not have adequate experience or train- 
ing ... for this research”), for he was 
a chemist and had no training in medi- 
cine or physiology. 

The criteria now being applied in 
the National Institutes of Health, ac- 
cording to Allen, would have resulted 
in refusal to support those investiga- 
tions which became milestones of prog- 
ress in medicine. 

Is this the kind of thinking that 
should guide us today? 

JOHAN BJORKSTEN 
American Institute of Chemists, 
New York, New York 


The Author as Indexer 


As a newcomer to specialized fields 
of information handling, I certainly 
profited from Helen L. Brownson’s 
comprehensive summary, “Research on 
handling scientific information” [Sci- 
ence 132, 1922 (1960)]. The amount 
of effort going into development of 
systems for indexing documents 
through text analysis is impressive. 
Many of the systems are to be fully 
automated, the need for human judg- 
ments thus being eliminated. 

Inclusive as the summary was, one 
very important aspect does appear to 
have been overlooked—namely, the 
author’s role. Since the greatest author- 
ity on any item of literature is the 
author, is he not the one best able to 
classify the item properly? Would it 
not also simplify the whole matter of 
information handling if each author 
provided the necessary index terms 
with his manuscript? [ am sure an 
author would readily accept this slight 
extra burden in order to make certain 
that the fruit of his labor attains its 
maximum usefulness. 

For classification to be performed 
by the author, only the development of 
suitable standard systems of indexing 
would be required. From standard in- 
structions the author could easily sup- 
ply the index terms directly in coded 
form, providing further simplification. 

JoHN R. CLARK 
Sandy Hook Marine Laboratory, 
Highlands, New Jersey 
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IT HAPPENED THIS MONTH... 


a glance at yesterday in relation to today 


; IN APRIL—(1799) — Medical and Physical Journal (London) reviews! an essay 


by Citizen Fourcroy on a newly discovered and controversial substance called 
“oxygen”—the very name of which, he feels, will draw upon him “numerous 
groups of men, animated by different opinions and passions, but alike enemies 
to this [concept].” Fourcroy believes that the animal system may be impaired 
either by excess or deficiency of this important vivefying principle. Its use, either 
internally or externally in particular diseases excites the “action of life”. There- 
fore, remedies may be classified as oxygenating or deoxygenating. The former 
increase the activity of the whole system, heat, circulation, force, and motion; 
the latter, on the contrary, diminish all these natural effects. 


Although physiological chemists are still animated by different opinions and 
passions, they are now quite likely to agree on the following: (1) molecular 
oxygen receives electrons from a chain of respiratory catalysts, (2) this chain 
involves DPN and flavin adenine dinucleotide (F AD), (3) the electron transport 
is coupled to the synthesis of ATP, thereby providing energy required for “the 
action of life”, (4) Schwarz BioResearch is an excell»nt commercial source for 
ATP, DPN, FAD, and other important cofactors (ADP, cocarboxylase, adenylic 
acid, guanosine diphosphate, guanosine triphosphate, etc.). 


IN APRIL—(1925)—Harvard investigators report? their estimations of the 
minimum molecular weight of 14 proteins. They point out, however, that present 
analytical techniques do not permit placing too great confidence in any single 
set of determinations. In some instances (e.g., the histidine and the tryptophane 
content of casein) different procedures have yielded significantly different results. 
“Only when different methods have led different investigators to essentially 
the same conclusion can we proceed to the furthest implications of the result.” 


Today, analytical methods are much more reliable, and for amino acid determi- 
nations Schwarz BioResearch can supply you with convenient, reliable, primary 
standards. The Schwarz Kit of 18 optically standardized natural amino acids is 
suitable for the most precise research or industrial purpose. Specific rotation 
and nitrogen content are listed on each label. Also available is a unique group 
of over 80 amino acid derivatives and O'*-labeled compounds produced for 
Schwarz by Yeda Research and Development Company, Ltd. at the Weizmann 
Institute in Israel. These are listed in a special catalog which is yours for the 


asking. 


IN APRIL—(1949)—There is described* the preparation of a stable beef brain 
powder with good hexokinase and phosphohexokinase activity. This powder phos- 
phorylates glucose, fructose, mannose, and their 6-phosphates, but not galactose, 
ribose, or gluconic acid. Sodium salts inhibit phosphorylation of glucose, but 
not of fructose or fructose-6-phosphate. The ratio of glucose to fructose-phos- 
phorylating activity varies in different brain extracts. It is suggested hereby that 
there exist two separate hexokinases which are specific for glucose and fructose. 


If you work with enzymes related to carbohydrate metabolism, you are likely to 
find the substrates you need among the many biologically important sugars and 
sugar phosphates available from Schwarz BioResearch. Many of these com- 
pounds have been labeled with C+. These are listed in our latest catalog and 
price list. Send for your copy. 


1. Review: On the application of pneumatic chemistry to the cure of diseases. Med. and Phy. J. 1:145 (Apr.) 1799. 
2. Cohn, E. J.; Hendry, J. L., and Prentiss, A. M.: Studies in the physical chemistry of the proteins. V. The 
molecular weights of the proteins. Part 1. The minimal molecular weight of certain proteins. J. Biol. Chem, 63 :721 


(Apr.) 1925. 3. Wiebelhaus, V. D., and Lardy, H. A.: Phosphorylation of hexoses by brain hexokinases, Arch. 
Biochem. 21 :321 (Apr.) 1949, 


SCHWARZ BIORESEARCH, INC. - Dept. 4B + Mount Vernon, New York 


BIOCHEMICALS * RADIOCHEMICALS * PHARMACEUTICALS for research, for medicine, for industry 








TON EXCHANGE with 
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4 


Ionic groups 

in Sephadex 

have given a range 
of ion exchangers 


the first of which is DEAE-SEPHADEX 


an anion—exchanger Properties: 
available in two types high capacity even for large 
A 25 molecules 


A 50 low non-specific adsorption 


each type in sieve fractions: 
Applications: 


Coarse serum proteins - peptides 
nucleic acids - nucletoides 
polysaccharides 


Medium 


(RR) PHARMACIA UPPSALA SWEDEN 


Representatives Send for our booklet. 


AUSTRIA: Contex Ges. m. 6. H., Wien 1, Wipplingerstrasse 25 » AUSTRALIA: Andrew Thom, Lid., Athom House, 261 Broadway, 
Sydney - BELGIUM: N. V. Société Belge d’Optique, 108, Rue de la Prairie, Gent « DENMARK: A/S Pharmacia, Lindeallé 48, 
Copenhagen — Vanlése - FINLAND: Pharmacia Oy, Alexandergatan 48, Trappa As, Helsing fors - FRANCE: Jarre- Jacquin, Recherches 
et Laboratories, 18, Rue Pierre Curie, Paris (V¢‘) » GERMANY: Pharmacia G. m. b. H., Bad Naubeim, Parkstrasse 12 - GREAT 
BRITAIN: Savory & Moore, Ltd., 60/61 Welbeck Street, London, W. 1. » HOLLAND: Van Oortmerssen N. V., De Ruyterstraat 48, 
The Haque - NORWAY: A!B Pharmacias informasjonskontor, clo Arne Orvig, Darresgate 2, Oslo - SWITZERLAND: Opopharma 
A.-G., Postfach, Ziirich 25 » UNITED STATES: Pharmacia Fine Chemicals, Inc., Sales Office, Box 1010, Rochester, Minn. 
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Equal but Separate 


President Kennedy’s program of federal aid to education, including a 
bill granting almost $2.3 billion to the states over three years for public 
school construction or teachers’ salaries or both, poses the problem of 
how many good things the Administration can do at one time. Were the 
bill to include a provision barring funds from schools practicing racial 
discrimination, federal aid to education could be used to help enforce 
the Supreme Court’s desegregation decree of 1955. But the bill must 
first get through Congress, and since such a provision would effectively 
kill the bill, it has not been included. The number of good things that 
can be done at one time is limited, but the Administration’s course of 
action does make a little work for its conscience and for the consciences 
of all persons who advocate both federal aid to education and racial 
integration. 

One of the bitter truths about education is that opportunities are not 
equal for all students. Difference in level of income is a familiar source 
of inequality. Parents with the necessary money have the option of send- 
ing their children to private schools. They also have the option of choos- 
ing one public school over another by the simple expedient of moving 
to the school district served by the better school. At the college level, 
the student simply by attendance receives a special kind of subsidy, 
since tuition even at private colleges generally does not cover full costs 
to the institution. These examples of inequality in opportunity resulting 
from differences in income are not offered as an argument that we must 
accordingly suffer inequalities to result from differences in race, but 
simply as a reminder that we live in an imperfect world. 

In an imperfect world, of course, the way to get things done is to 
force one’s opponents to accept something about which they are unen- 
thusiastic as the price for something about which they feel strongly. 
This procedure is sound enough, and it would be nice if federal aid to 
education could be made to carry a civil rights burden. Unfortunately, 
pragmatism cuts both ways, and in the present case it is those who 
favor both federal aid and integration who face an unpleasant choice. 
They must choose between no federal aid or federal aid with some of 
it going to segregated schools. The reason is simply that the liberal 
Southerners in Congress, whose votes the Administration needs, dislike 
civil rights more than they favor federal aid to education. In fact, an 
amendment barring assistance to segregated schools, to be introduced 
while the conservative Southerners tactfully wait outside, is one of the 
tactics to defeat the bill promised by its opponents. 

The deficiencies in education in the United States ‘are serious in the 
extreme. In the matter of public school construction alone, the U.S. 
Office of Education puts the need at around 140,000 new classrooms, 
with no expectation that the property tax, the present mainstay of 
school financing, can even begin to meet this need. In the alternatives 
of no federal aid or federal aid with some of it going to racially segre- 
gated schools, the choice must be for the first alternative. Desegregation 
in this context is a side issue. To say this, however, is not to deny that 
the issue of civil rights is equally important, but simply to recognize 
that it must be dealt with separately. And balm for governmental and 
private consciences is available in the form of a more vigorous pursuit 
of desegregation by other means.—J.T. 
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CURRENT PROBLEMS IN RESEARCH 





Interior of the Moon 


Observations from space vehicles will provide further 
clues to the history of the earth-moon system. 


Study of the moon’s surface has pro- 
duced a wealth of observational mate- 
rial. Despite the abundance of observa- 
tions, the origin of many of the surface 
features remains in doubt. By contrast, 
very few data relate to the nature of 
the moon’s interior. Because of the 
inaccessibility of the moon’s interior it 
is unlikely that any detailed picture of 
its nature will be forthcoming in the 
near future. The study of the lunar in- 
terior offers a wide field for speculation. 


Astronomical Data 


The mean density of the moon is 
well established at 3.34. This value is 
tantalizingly close to the density of a 
large number of silicate materials found 
on or near the surface of the earth. 
The densities of peridotite and eclogite, 
two rocks that may form portions of 
the upper mantle of the earth, are 
about 3.3. Indeed, Bullen (J) has re- 
versed the argument and uses the mean 
density of the moon as evidence for a 
density of 3,3 in the upper part of the 
mantle. 

While the mean density of the moon 
is well established, the distribution of 
density within the moon is as yet not 
known. It is generally assumed that the 
moon is a homogeneous body in which 
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Gordon J. F. MacDonald 


density increases only through an in- 
crease in pressure. Jeffreys (2) assumes 
that the moon is of one material, with 
a density ranging from 3.28 near the 
surface to 3.41 at the center. The jus- 
tification for this assumption lies in the 
apparent homogeneity of the earth’s 
mantle over the pressure range attained 
within the body of the moon. In mak- 
ing this assumption Jeffreys ignores the 
inhomogeneous nature of the outer 
part of the earth and the possibility that 
the crust-mantle boundary may be a 
phase change. 

It is possible to obtain an estimate of 
the density distribution from an anal- 
ysis of the moon’s motion about the 
earth and the rotation of the moon. 
The motion of the moon is complicated 
by the fact that the moon’s three mo- 
ments of inertia are different. On the 
average, the moon rotates at such a 
rate as to keep the same face toward 
the earth. The largest moment of in- 
ertia is about the axis of rotation, and 
we denote it by C. The least moment 
of inertia, A, is about the axis pointing 
towards the earth. The earth’s attrac- 
tion maintains a permanent tide within 
the moon, and this tide is along the 
axis of A. The principal moment, B, 
is along the tangent to the orbit. The 
differences between the moments of in- 
ertia give rise to observable peculiar- 
ities in the moon’s motion. The study 
of these peculiarities is difficult because 
of the smallness in the differences in 
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the moments of inertia. A further dif- 
ficulty results from the small ellipticity 
of the visible disk of the moon and the 
large irregularities of the lunar topog- 
raphy. 

The triaxial figure of the moon 
causes the axis of least moment of in- 
ertia to perform small oscillations in 
both directions about the line of cen- 
ters connecting the earth and moon. 
The moon’s orbit changes because of 
the action of the sun, and as a result 
the actual motion is very complicated. 
The mean position of the moon’s axis 
of rotation lies almost in the plane con- 
taining the pole to the ecliptic and the 
pole to the moon’s orbit. The moon’s 
axis of rotation oscillates about this 
mean position. The mean position of 
the axis of rotation is inclined to the 
pole of the orbit. This inclination de- 
pends on the ratio 


C—A C—A 
— ~ — (1) 


B Cc 


= 


Since the direction of the axis of rota- 
tion is well observed, this ratio is ac- 
curately determined. 

A measure of the homogeneity of 
the moon is provided by the ratio of the 
moment of inertia C to MR*® 


c on, 
=— — (2) 
2 MR’ 


where M is the mass of the moon and 
R is the mean lunar radius. If the moon 
were a homogeneous sphere this ratio 
should be 0.6. For the earth, with its 
density concentrated towards the cen- 
ter, the value of g is 0.49. For a hol- 
low sphere, g should be unity. 

The effects of C—A and B—A on 
the orbital motion depend on their ra- 
tio to Ma’. The effects on the rotation 
depend on the ratio of the differences 
in moments of inertia to the moment 
C. Combining orbital data and observa- 
tions of the rotation makes it possible 
to obtain g, and thus a measure of the 
density distribution of the moon. 

The ratio of C—A to Ma’ is deter- 
mined by the mean motion of the 
perigee and node. In order to obtain 
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Fig. 1. Temperature distribution in the 
moon, after 4.5 x 10° years, for a cold 
moon (I) and a hot moon (II) 


the effect of the figure of the moon, it 
is necessary to calculate the mean mo- 
tion; in the calculations the moon is 
assumed to be spherical. In these cal- 
culations it is also assumed that the 
earth is a spherical body. The differ- 
ence between the observed and the 
theoretical values then must be due to 
the effects of the figures of the earth 
and moon on the moon’s motion. In 
a year the perigee moves by about 
1.46 x 10° seconds of arc. Of this 
total motion, the figure of the earth 
contributes 6 seconds, while that of 
the moon contributes only 1 second. 
Recent satellite data establish a defini- 
tive value for the figure of the earth. 
In order that the effect of the figure of 
the moon can be abstracted from the 
observations, it is necessary to know 
the principal terms to at least one part 
in 10°. The principal term in the mo- 
tion of the perigee is due to the sun. 

The principal solar terms are calcu- 
lated from a theory of the moon’s 
motion developed by Brown (3). It 
now appears that calculations based 
on Brown’s theory are not sufficiently 
accurate to determine the principal 
solar terms to the accuracy needed for 
the separation of the effect of the 
moon’s figure. If Brown’s theory is 
taken at face value and new data are 
used for the figure of the earth, the 
data on the motion of the moon, to- 
gether with the inclination of the axis 
of rotation, give 


= 0.87 (3) 


This implies that the interior of the 
moon is considerably less dense than 
the outer parts. Indeed, it would seem 
that the moon is more like a hollow 
sphere than like a homogeneous sphere. 
This suggests very strongly that there 
are inconsistencies either in the reduc- 
tion of observations of the moon’s mo- 
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tion or in the numerical development 
of Brown’s theory. 

The physical librations of the moon 
provide an estimate of.the ratios of the 
difference in moments of inertia to the 
mean moment of inertia. The physical 
librations are distinct from the geo- 
metrical librations. The physical libra- 
tions result from the nodding of the 
axis of least moment of inertia about 
the line of centers. They are measured 
by obtaining the angular distance from 
a crater to a point on the limb. Since 
the limb is indistinct, due to the topog- 
raphy, these measurements have in the 
past led to inconsistent results. In re- 
cent years, photographic methods have 
been applied to the determination of 
the physical librations. A reduction of 
the values given by the Russian astron- 
omer Habibulin gives results as follows: 


a0/an = 40 
Bo/ Br = 16.8 
Yo/yr = 9.0 
The outstanding feature of these results 


is that the observed ratios ao, Bo, and 
yo, where 


C-—B C—A D—A 


e=—, B=—-, a TERT ear 


ee C 


are much larger than the ratios (ap, Bry, 
and y,) that would be predicted for a 
homogeneous moon in _ hydrostatic 
equilibrium. The deviations between 
the observed and the theoretical values 
would be even greater if the moon 
were heterogeneous, with density con- 
centrated towards the interior. 

The observed values of a, B and y 
indicate that the moon is far from 
being an equilibrium figure. This, in 
turn, implies that the interior of the 
moon must be able to support stresses 
of considerable magnitude. Rough esti- 
mates of those stress differences 
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Fig. 2. Development of temperature with 
time at various depths for a cold moon. 


created by the inequalities of the figure 
are of the order of 10 to 100 bars (2). 
Thus, the astronomical data on the 
rotation of the moon suggest that the 
moon is a relatively strong body capa- 
ble of supporting strength differences 
comparable in magnitude to those sup- 
ported within the earth (4). 


The Thermal State of the Moon 


The thermal state of the moon’s in- | 


terior is determined by the distribution 
of radioactivity, the distribution of ther- 


mal conductivity, and the temperature 


distribution at the time the moon was 
formed. Of these parameters, the two 
for which uncertainty is greatest are the 
initial temperature of formation and 
the radioactivity. The factor of uncer- 


tainty for thermal conductivity is prob- 


ably about 2. In addition, the mecha- 
nism by which energy is transferred is 
not certain. Both convection and radia- 
tion may contribute to the transport of 
energy. 

In 1959 and 1960 I carried out cal- 


culations on the thermal state of the’ 


moon’s interior, assuming that energy 
is transported by ordinary thermal con- 
duction and by radiation (5). In these 
calculations I assumed that the moon 
has the bulk composition of chondritic 
meteorites. My principal reasons for 
assuming a chondritic composition are 
reviewed in (6). The findings in support 
of a chondritic composition include the 
general agreement between abundances 
of the elements in chondrites and in the 
sun. Furthermore, the density of 
chondritic meteorites does not greatly 
differ from the mean density of the 
moon. The principal heat-producing 
elements in chondritic meteorites are 
potassium, uranium, and thorium, and 
the contents are 8.0 X 10“, 1.1 x 10°, 
and 4.4 x 10° g/g, respectively. 
Figure 1 illustrates the temperature 
distribution that might be expected in 
a moon composed of chondritic ma- 
terial. In this model it is assumed that 
the radioactivity is uniformly distrib- 
uted. Moon model I represents a cold 
moon. The initial temperature is taken 
as 0°C. The opacity is taken at the 
relatively low value of 100 cm™, and, 
therefore, radiation makes a noticeable 
contribution to the transfer of energy. 
Moon model II (Fig. 1) represents the 
present-day distribution of temperature 
that would be expected for a moon that 
had formed 4.5 xX 10° years ago with 
initial temperature of 600°C and with 


SCIENCE, VOL. 133 





TEMPERATURE (°C) 
_ nr 
- 4 


= 


Fig 
tim 


tim 
diff 
pre 
the 
per 
Th 
anc 
is ( 
mei 
506 
mo 
kilc 
off 

the 


gen 
The 
The 
cho 
10. 
per 


8 


TEMPERATURE (°C) 
s 


Fig. 
iror 
the 

7 AF 





mp Fe AT 
1700 KM 


TEMPERATURE (°C) 











10 2.0 3.0 40 
TIME IN 109 YEARS 


Fig. 3. Development of temperature with 
time at various depths for a hot moon. 


an opacity of 1000 cm”. The central 
temperatures reached in the cold and 
warm moons are 1800°C and 2400°C, 
respectively. 

Figure 2 illustrates the development 
of the temperature distribution within 
a cold moon as a function of time. It 
may be seen that after 3 billion years 
any iron present would begin to melt 
at a depth of 1700 kilometers. At this 
time there would be a tendency towards 
differentiation if a metallic phase were 
present within the moon. Figure 3 gives 
the development in time of the tem- 
perature distribution in a warm moon. 
The principal difference in models I 
and II is that the melting point of iron 
is exceeded at a depth of 1700 kilo- 
meters after 1.6 X 10° years, and at 
500 kilometers shortly thereafter, in 
model Il. At present, the outer 500 
kilometers of a warm moon are cooling 
off while the inner 1200 kilometers of 
the moon continue to warm up. 

A number of other models of homo- 
geneous moons have been investigated. 
The results are summarized in Table 1. 
The surface heat flow for a moon of 
chondritic composition ranges from 
10.3 to 16.4 ergs per square centimeter 
per second. The higher heat flows are 
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Fig. 4. Melting point of diopside (10) and 
iron (/7) as a function of depth within 
the moon. 
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associated with the higher temperatures 
and lower opacities. If the moon is 
initially at 1200°C and there is no 
radioactivity, then the surface heat 
flow is 4.2 ergs per square centimeter 
per second at the present time. Thus, 
the initial temperature of around 
1200°C would contribute about 25 per- 
cent of the present surface heat flow. 

The outstanding feature of the tem- 
perature-depth curves for the moon is 
the shallow depth at which melting 
points of various materials are reached 
or exceeded. Since the moon is a rela- 
tively small body, the central pressure 
is low, of the order of 46,000 atmos- 
pheres. The low central pressure would 
not markedly raise the melting points 
of possible constituents. The thermal 
conductivity is sufficiently low so that 
only the outer portions of the moon are 
cooling to am A combination 
of these two ¢ ‘esults in a 
close approacin o. t Ating-point 
curve and the calculated temperature 
distribution, as is illustrated in Fig. 4. 
The temperatures of the cold moon are 
plotted, as are the melting points of the 
silicate, diopside, and metallic iron. 
The melting point of iron is exceeded 
at all depths greater than 500 kilo- 
meters. The melting point of diopside 
is not exceeded, though the tempera- 
ture closely approaches the melting 
point at depths of the order of 800 
kilometers. Thus, in a homogeneous 
moon having a chondritic composi- 
tion, the melting point of silicate ma- 
terials is very nearly reached, even 
though the initial temperature may 
have been as low as 0°C. 

It would thus appear that in a homo- 
geneous moon the melting temperature 
of silicates is approached or exceeded, 
provided that the moon has the com- 
position of chondritic meteorites. If the 
radioactivity is reduced by a factor of 
2, then the temperautre of melting is 
approached or exceeded if the initial 
temperature is greater than about 
1000°C. 

The astronomical evidence suggests 
that the moon is a relatively strong, 
rigid body. A strength of 100 bars 
implies that no major portion of the 
moon is molten. The discrepancy be- 
tween the suggestions derived from the 
astronomical data and from the thermal 
models can.be partially resolved if it is 
assumed that the radioactivity of the 
moon is appreciably less than that of 
chondritic meteorites, or that the radio- 
activity is concentrated towards the 
surface. A concentration of radio- 


Table 1. Results of investigations of various 
models of homogeneous moons. 





Surface 
heat 
flow 
(erg/cm* sec) 
10.3 
12.4 


Present 
central 
temp. 
(°C) 
100 0 
1000 600 
1000 1200 
10 1200 
10 1200 


Initial 
temp. 
(°C) 


Opacity 
(cm) 


1780 
2380 
2980 14.6 
2700 16.4 
1160 4.2 

(No radioactivity) 





activity towards the surface in turn im- 
plies a differentiated character for the 
moon. 

It appears likely that even if the 
moon were chemically homogeneous 
the density distribution would undergo 
discontinuities. At the pressures and 
temperatures reached within the moon, 
several of the common silicate phases 
undergo transitions from low-density 
to high-density forms. Figure 5 illus- 
trates the depth at which these transi- 
tions might be expected if the moon 
were initially cold (0°C) and homo- 
geneous. Albite plus nepheline would 
transform to jadeite at a depth of some 
750 kilometers, while enstatite would 
break down to pyrope, sapphirine, and 
sillimanite at a depth of around 500 
kilometers. If the initial temperature 
were higher, the depth to the discon- 
tinuity would be greater. In a cold 
moon containing material of basaltic 
composition, the silicate phases would 
undergo transitions from the low-den- 
sity to the high-density forms at depths 
between 500 and 1000 kilometers. If 
the moon were made up of chondritic 
materials the same transitions would 
take place. The density discontinuity 
in a material of chondritic composition 
would be a few percent because of the 
low alkali and alumina content of 
chondrites. 
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——-—-- ENSTATITE BREAKDOWN 


TEMPERATURE (°C) 





Fig. 5. Possible phase transitions within 
the moon. The solid curve is derived from 
data of Robertson et al. (12). The ensta- 
tite breakdown curve is taken from Boyd 
and England (/3). 
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Stress History of the Moon 


The thermal histories of the homo- 
geneous models of the moon show that 
at present the outer parts of the moon 
are cooling while the inner regions are 
heating up. Because of the finite fher- 
mal expansion of the material making 
up the moon, this differential cooling 
and heating will generate thermal 
stresses within the moon. The build-up 
and release of these stresses provide a 
source of seismic activity. An impor- 
tant question for the exploration of the 
moon is the extent of such seismic 
activity. 

As the temperature distribution 
within the moon changes, the dimen- 
sions of the moon must also change. 
During periods in which the moon as 
a whole is heating, the radius increases. 
If at present the moon is cooling, then 
the radius should be decreasing. 

A study of the surface features 
of the moon may give some indication 
as to the thermal history of the moon, 
by limiting possible changes in the 
lunar radius. If the volume of the 
moon has undergone marked changes 
since the time of formation of the sur- 
face features, then the surface features 
should have undergone visible displace- 
ments. Large-scale strike-slip faults on 
the lunar surface are far more easily 
recognized than terrestrial strike-slip 
faults. The lunar surface is free of 
masking sediments and oceans. Further- 
more, the complicated character of the 
lunar surface provides an abundance of 
land marks for the detection of relative 
horizontal movement. The veritable 
lacework of craters that forms the 
lunar surface provides an ideal refer- 
ence against which horizontal move- 
ments can be detected. A close exami- 
nation of the surface of the moon re- 
veals that none of the craters have 
undergone displacements in which one 
side of a crater has moved relative to 
the other side. In a few cases it appears 
that one side of the crater may have 
undergone a vertical displacement rela- 
tive to the other side. A horizontal dis- 
placement of half a mile could be 
detected on a lunar photograph; no dis- 
placements of this magnitude have 
been noted. 

The lack of features associated with 
faults implies that the volume, and thus 
the surface dimensions, of the moon 
have remained more or less constant. 
If the circumference of the moon has 
been increasing, then we should expect 
normal faulting and the formation of 
grabens or rifts. If the circumference 
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of the moon’s surface is decreasing, 
then strike-slip faults and thrust faults 
would be expected from the resulting 
compression. A decrease of 1 kilometer 
in the radius of the moon would result 
in a decrease in the lunar surface area 
of about one-tenth percent. The accom- 
panying distortion of the surface fea- 
tures should be noticeable, particularly 
since it would be expected that the 
inhomogeneous nature of the lunar sur- 
face would lead to local concentration 
of stresses. 

For a spherically symmetric body in 
which heat is produced at a rate A per 
unit volume, the equations of conserva- 
tion of mass and energy combine to 
give the rate of change of the outer 


radius as 
1 R 
+— pAr'dr] 
R ceo 


(4) 
where a is the mean thermal expansion, 
ps is the mean surface density, Cp is 
mean heat capacity, and K is the ther- 
mal conductivity of the surface. The 
rate of change of radius is proportional 
to the difference at which heat is 
flowing from the surface 


dR a oT 
«a 


- tit as 
psCp or 


oT 
or IR 


(K is the thermal conductivity), and 
the rate at which heat is being pro- 
duced within the body. If the heat 
flowing through the outer surface is 
equal to the rate at which heat is pro- 
duced within the body, then the radius 
of the body remains constant. A 
change in radius can come about only 
through an excess of heat production 
or an excess of heat loss. 

A number of factors are important 
in determining the difference between 
the rate of heat production and the 
rate of heat loss. If the radioactivity is 
concentrated near the surface, then the 
heat produced near the surface will 
reach equilibrium with the surface 
temperature in a shorter time than if 
the heat were distributed uniformly 
throughout the body. Of considerable 
importance is any initial heat that the 
body may have. This initial heat does 
not appear explicitly in Eq. 4 but does 
contribute to the surface heat flow. If 
a body had no radioactivity, then the 
initial heat would lead to a decrease in 
radius with time, since there would be 
a surface heat flow determined by the 
initial heat of the body. 

Thermal calculations described in the 
previous section can be used to deter- 
mine the rate of change of radius. In 


these calculations the thermal expan- 
sion of the lunar matter has been arbi- 
trarily set at 1 X 10° deg/°C. This 
value is likely to be low for silicates by 
as much as a factor of 2 to 3. Since the 
rate of change of radius depends lin- 
early on thermal expansion, a doubling 
of the mean thermal expansion doubles 
the rate of change of the radius and 
the total change of the radius. 

Figure 6 shows the radius and 
change of the radius of the moon with 
time, provided that the moon was 
initially at O°C throughout. During the 
first 2 X 10° years the radius increased 
by about 5 kilometers in response to 
the high initial rate of radioactive dis- 
integration. After that period of time 
the rate of increase of the radius de- 
creases, but the radius reaches a maxi- 
mum at about 4 xX 10° years after 
initial formation. At present the radius 
would be decreasing, but at a low rate. 
The striking feature of the curve is the 
near constancy of the radius over the 
past 1.5 xX 10° years. The size of the 
moon determines its thermal time con- 
stant, and it appears that the time con- 
stant for the change in radius of a 
homogeneous moon is about 2 to 3 xX 
10° years. 

The case of an initially warm moon 
is shown in Fig. 7. The general features 
of the curve are similar to those in the 
cases discussed above and indicate that 
the rate of change of radius over the 
past few hundred million years has 
been very small. 

Further models have been studied. 
The general features of the models are 
the same. The amplitude of the varia- 
tion in radius depends on the initial 
temperature (lower initial temperatures 
give rise to the higher increase in 
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Fig. 6. Change of radius of a moon ini- 
tially at O°C, 4.5 x 10° years ago. Opaci- 
ty, 100 cm™; ordinary lattice conductivity, 
0.025 joule per gram per second per de- 
gree centigrade. Final central temperature 
and surface heat flow, 1780°C and 10.3 
ergs per square centimeter per second, re- 
spectively. 
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radius) and on the mechanism of heat 
transport. If the heat is transported by 
radiation or by any other mechanism 
in which heat is more efficiently trans- 
ferred than by ordinary conduction, 
then the rate of change of radius is less 
over any interval in time and the total 
change in radius over a period of time 
is proportionately less. 

The present surface features indicate 
that the radius of the moon has re- 
mained constant since their formation. 
On the assumption that the lunar sur- 
face formed at an early stage of the 
moon’s history, such an _ observation 
could be explained by a number of 
hypotheses. 

1) The radioactivity of the moon is 
less than that of chondritic materials. 
A lower radioactivity is also suggested 
by the close approach of the melting 
point and of the actual temperature 
gradient. If the initial rate of heat 
production is sufficiently small and the 
moon formed at a low initial tempera- 
ture, then both terms on the right- 
hand side of Eq. 4 would be small and 
the corresponding change in radius 
would be small. 

2) The radioactivity of the moon 
could be that of chondritic meteorites 
buried at a sufficient depth. The moon 
could have a low initial temperature of 
the order of 1500°C. The history of 
the radius in time would then be given 
by Figs. 6 and 7. Such a model for the 
moon would imply an age for the sur- 
face features of at least 2 X 10° years. 

3) The moon is a chemically differ- 
entiated body with the radioactivity 
concentrated near the surface. In this 
case the temperature at depth might 
again be well below the melting tem- 
perature at all points. Furthermore, the 
rate of heat flux would be equal to the 
rate of heat production, and the sur- 
face heat flow. would be due primarily 
to the initial heat possessed by the 
moon. Such a model of the thermal 
structure of the moon explains the 
lack of large-scale faults and the ab- 
sence of abundant volcanic activity on 
the moon. The principal difficulty in 
such a model is the difficulty of pro- 
viding a history for the differentiation 
of the lunar material. 

In the models studied the outer por- 
tions of the moon are cooling while 
the inner portions are -heating. There 
is a build-up of stress differences within 
the moon. If these stress differences ex- 
ceed some critical value the stresses 
are relieved either by fracture or by 
flow. The rate at which the strain 


; energy due to thermal stresses is re- 
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Fig. 7. Change of radius of a moon ini- 
tially at 600°C. Opacity, 1000 cm~. Final 
central temperature and surface heat flow, 
2380°C and 12.4 ergs per square centi- 
meter per second, respectively. 


leased can be calculated if a critical 
stress is assumed. For a strength of 
100 bars the maximum strain energy 
per unit volume is 1.4 X 10° ergs per 
cubic centimeter. The models give a 
rate of build-up of maximum stress 
differences of the order of 10 bars per 
10° years. The corresponding rate of 
release of strain energy by failure at 
100 bars maximum stress difference 
will be 4 xX 10” ergs per year. This 
rate of release of strain energy is of 
the same magnitude as the present rate 
of release of strain energy on the earth, 
as measured by the intensity of earth- 
quakes. If the moon has a chondritic 
composition, then the moon _ should 
have a high degree of seismic activity. 
In the model studied, the greatest 
release of strain energy is at a depth of 
100 to 700 kilometers. The assumption 
of deeply buried radioactivity implies 
deep foci for lunar seismic activity. 


Dynamical History of the Moon 


In a recent study (7), Munk and 
I reopen the question of the dynami- 
cal history of the earth-moon system 
and of the age of the earth-moon sys- 
tem. We have examined the astronomi- 
cal data relating to the rate of change 
of kinetic energy of the earth-moon 
system. We find that dissipative proc- 
esses remove energy from the mechani- 
cal motion at a rate of 3.2 x 10” ergs 
per second. This figure is about three 
times greater than the figure obtained 
by Jeffreys (2). The discrepancy in the 
two estimates lies not in the data but 
in the method of reduction. It should 
also be noted that the rate of energy 
dissipated is somewhat greater than 
the present estimates of the rate of 
release of seismic energy in the earth. 





The mechanism by which the energy 
is dissipated is still somewhat uncer- 
tain. Jeffreys argued that the energy 
was dissipated within the shallow seas. 
Munk and I, on reviewing the oceano- 
graphic evidence, demonstrated that 
the energy dissipated in the shallow 
seas is insufficient, by at least a factor 
of three, to account for the observed 
change in kinetic energy of the earth- 
moon system. A substantial portion of 
the energy may be dissipated within 
the body of the earth. This suggestion 
is strengthened by studies of the damp- 
ing of seismic waves. Furthermore, 
recent analysis of bodily tide records 
in isolated continental stations suggests 
that the observed phase lag of these 
bodily tides is consistent with the inter- 
pretation that energy is dissipated 
within the body of the earth. 

Extrapoiation back in time of the 
present rate of dissipation is warranted 
only if the rate of energy dissipation 
has remained constant. The dissipative 
character of the earth’s mantle depends 
only on the prevailing conditions of 
the temperature and pressure. The time 
constant for the change in temperature 
and pressure within the earth is very 
long, and it may be safely assumed 
that the earth now has much the 
same dissipative properties that it 
possessed a few billion years ago. The 
time needed for the moon to recede 
from a distance of 10° kilometers to its 
present distance from the earth is 1.3 
x 10° years, provided our estimate (7) 
of energy dissipation is correct. This 
calculation does not take into account 
the nonlinear interactions as the moon 
moves closer to the earth. If the non- 
linear terms are considered, the time 
needed for the moon to recede from a 
distance of 10° kilometers to its present 
distance would be a few hundred mil- 
lion years. The age of the earth is at 
least 4.5 xX 10° years. The data on the 
secular acceleration of the moon there- 
fore suggest that the earth-moon sys- 
tem is younger than the earth. 

The arguments reviewed in the pre- 
ceding paragraph reopen the possibility 
that the moon was captured by the 
earth at a late stage in its history. The 
problem of an orbital capture of the 
moon has been considered closed for 
a number of years, and a capture has 
been generally assumed to be extremely 
improbable. Recent work by Russian 
astronomers, stimulated largely by a 
remark of Schmidt’s (8), reopens the 
question. Schmidt showed that the 
problem of capture is identical to the 
problem of breakup of double-star sys- 
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tems, provided that the direction of 
time in the equations is reversed. Since 
Schmidt made this suggestion, active 
work by a number of Russian astrono- 
mers (9) has done much to clarify the 
problem of capture. Direct numerical 
integration shows a possibility of cap- 
ture, and general inequalities on initial 
conditions have been formulated indi- 
cating the conditions under which cap- 
ture can take place. There has not 
been an application of these general 
results to the problem of the earth- 
moon system. 


Observational Determination of the 
Nature of the Moon’s Interior 


A number of straightforward obser- 
vations would do much to reduce the 
present uncertainty as to the nature of 
the moon’s interior and the past history 
of the moon. The placing in orbit of a 
lunar orbiting satellite and the detailed 
trackings of the satellite would pro- 
vide critical information on the ratio 
C—A/Ma’, and this, combined with 
data on the inclination of the axis of 
rotation of the moon, would determine 
the mean moment of inertia. A knowl- 
edge of the mean moment of inertia 
fixes the degree of differentiation of 


the moon and provides data of a funda- 
mental character for the investigation 
of specific lunar models. This observa- 
tion is perhaps the most critical of all, 
since it gives an immediate measure of 
the bulk properties of the lunar in- 
terior. 

Seismic observations of various kinds 
will also yield valuable information. 
Measurement of the level of natural 
seismic disturbances will provide a 
means for estimating the current re- 
lease of thermal strain energy. A net- 
work of seismic stations can be used to 
obtain a detailed description of the 
variation of elastic-wave velocity with 
depth. 

The measurement of the surface heat 
flow involves the concurrent measure- 
ment of the near-surface temperature 
gradient and the thermal conductivity 
of the surface material. The surface 
heat flow can lead to estimates of the 
present thermal state of the moon. In 
combination with measurements of the 
radioactivity of the moon, measure- 
ment of the heat flow can provide 
theoretical limits for the initial ther- 
mal state of the moon. 

The placing of a tidal gravimeter on 
the surface of the moon will permit 
measurement of the tides raised on the 
moon by the gravitational action of the 


Eradication of Infectious Diseases 


“Control” is an unending operation. After 
“eradication,” no further effort is required. 


“Eradication” of infectious disease 
as a concept in public health has been 
advanced only within the past two 
decades, yet it is replacing “control” 
as an objective. The meaning of the 
term varies with the user, and the 
difficulties of achieving eradication, in 
any form, are usually underestimated. 
In this article (7) my own definition 
of eradication is offered, the difficulties 
common to all schemes of eradication 
are discussed, the significance of ani- 
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mal parasites in this connection is out- 
lined, and brief comments are offered 
on selected eradication schemes. 


Definition 


In my definition, eradication is the 
extinction of the pathogen that causes 
the infectious disease in question; so 
long as a single member of the species 
survives, then eradication has not been 





earth..In addition to the variation of 
gravity due to the direct actions of 
the earth (and of the sun), there is a 
variation resulting from the elastic dis- 
tortion of the moon. The amplitude of 
this distortion determines the bulk 
elasticity of the moon, while the phase 
lag of the displacements fixes the an- 
elastic properties of lunar matter. 
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accomplished. The definition implies 
action on a _ world-wide scale, but 
world eradication has not yet been 
achieved for any infection. “Regional 
eradication” implies a basically un- 


stable situation, because at any time | 


the infection may be reintroduced by 


carriers or vectors from outside. The Ff 


occurrence of occasional small episodes 
of infection in a cleared area does not 
invalidate the claim that regional eradi- 
cation has been achieved in that area, 
provided the infection was imported. 
For areas where vectors are present 
but without the parasite, one may still 
claim eradication—as, for example, 
in Sardinia where there are anopheles 
without the Plasmodium, and in the 
United States where there are Aedes 
aegypti without the yellow fever virus. 
In South America, yellow fever virus 
cannot be eradicated, since it is en- 
demic in the monkey population of the 
forest; however, eradication of the 
domestic vector A. aegypti from the 
continent is under way, and this situ- 
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ation could be defined as “urban” 
eradication of yellow fever, and “re- 
gional” eradication of the mosquito. 

Even if world-wide eradication of an 
infection is achieved, there is the pos- 
sibility that a similar infection may 
evolve from related organisms still ex- 
isting in nature after measures of eradi- 
cation have been halted. 

There is an essential difference be- 
tween the concepts of eradication and 
control. Once eradication is achieved, 
the infection is gone forever, and the 
costly burden of recurring control meas- 
ures may be dropped. Eradication can, 
therefore, be regarded as that state in 
which the infection does not return 
from infected areas after control meas- 
ures have been abandoned. If pro- 
cedures have to be continued to pre- 
vent return of the infection, then the 
state is one of control and not eradi- 
cation. 

Some pathogens persist in the body 


for long periods of time, and, strictly 


speaking, eradication has not been ac- 
complished until the last parasite has 
died. However, in regional eradication, 
the practical definition can be used, 
and each infection can be judged in- 
dependently. For example, in Brill’s 
disease the rickettsiae persist in the 
body for very many years; in the 
United States, there must be people 
who became infected abroad and who 
are still carrying the pathogen, yet the 
infection must not be regarded as es- 
tablished here, since the chances of 
transmission are remote. Similarly, in 
malaria the parasite can persist in the 
body for years; many people in the 
United States are infected, but because 
the likelihood of transmission is very 
small, even without control measures, 
eradication can be claimed. The situa- 
tion is different in an area where con- 
ditions favor the transmission of ma- 
laria; should eradication measures based 
on mosquito control be abandoned 
while the parasite still persists in the 
human host, then, even though the 
disease has not been reported for some 
time, there is a possibility of a re- 
currence of transmission, and the claim 
of eradication is not justified. In world 
eradication programs, the strictest ad- 
herence to the definition should be 
maintained; thus, in the case of small- 
pox virus, which can live for many 
months on infected clothing, a time 
allowance on this scale should be made 
after all other signs of the infection 
have disappeared. In malaria, before 
eradication as defined here can be 
claimed, there must be many years’ 
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surveillance after the last case has been 
diagnosed. 

The definition given above is in gen- 
eral agreement with the World Health 
Organization’s definition for malaria 
eradication. In its original form the 
World Health Organization definition 
was interpreted (2) as meaning “the 
ending of the transmission of malaria 
and the elimination of the reservoir of 
infective cases in a campaign limited 
in time and carried to such a degree 
of perfection that, when it comes to 
an end, there is no resumption of trans- 
mission.” The criteria of malaria eradi- 
cation to be adopted included ade- 
quately demonstrated absence of trars- 
mission and endemicity for a period 
of at least three years, in at least the 
last two of which no specific general 
measures of anopheline control and 
no routine chemtherapy had been ap- 
plied (3). The World Health Organ- 
ization definition was modified \ still 
further to give more precision to the 
surveillance requirements (4), but it 
still does not go so far as to include 
the final elimination of the last para- 
site and does not mention related in- 
fections in animals or the theoretical 
possibility that the infection may evolve 
again. 


History 


Deliberate attempts to stamp out 
infectious diseases began in the clos- 
ing years of the last century. In 1892, 
an animal infection, contagious pleuro- 
pneumonia of cattle, was declared 
eradicated from the United States after 
a campaign that lasted five years and 
cost nearly two million dollars (5). In 
England, in 1896, rabies was eradi- 
cated successfully by enforcing a muz- 
zling order for all dogs for one year 
and enforcing a six months’ quarantine 
for all dogs and cats. In 1917, the 
decision was made to eradicate bovine 
tuberculosis in the United States, un- 
der the Federal-State Cooperative Plan 
for Eradication of Bovine Tubercu- 
losis. The program called for the test- 
ing of all cattle in the United States 
and the killing of the reactors, and it 
was extremely costly both in money 
and in animals. The campaign was not 
pushed to the extreme required for 
eradication,. and it was unsuccessful 
in that bovine tuberculosis still exists 
in this country (5). Yellow fever was 
eliminated from Cuba in the first dec- 
ade of this century by antimosquito 
measures, and this gave rise to such 


high hopes that in 1914 Gorgas could 
state that world eradication of the 
disease not only was practical but 
could be achieved at a reasonable 
cost (6). With the discovery of forest 
yellow fever, these hopes were dis- 
appointed and the idea of eradication 
was discredited. 

Modern ideas on eradication begin 
with the work of Soper and his col- 
leagues in South America. In 1930, 
some dangerous African mosquitoes, 
Anopheles gambiae, were discovered in 
Brazil by Shannon, and in a few years 
these had spread and were the vectors 
responsible for a disastrous epidemic 
of malaria in the northeast section of 
the country. A program to eradicate 
every single specimen was begun in 
1939, and by 1941 the task had been 
completed (7). Side by side with this 
program, the control of Aedes aegypti 
mosquitoes had progressed so well that 
in 1942 Soper was encouraged to pro- 
pose eradication instead of control. 
The following year, Bolivia was the 
first country to proclaim that this goal 
had been reached (6). Since that time 
the countries of South America have 
joined forces, aiming for complete 
continental eradication. By 1959, sub- 
stantial areas had been cleared (8) 
(Fig. 1). 

These successes with mosquito eradi- 
cation made eradication a respectable 
term once more, so that world eradi- 
cation of smallpox and malaria are 
now proclaimed aims of the World 
Health Organization, in programs sup- 
ported by many countries and backed 
financially by the United States. At 
present, eradication is described as the 
aim in many other infectious-disease 
projects. 


Basic Program Needs 


All eradication programs have many 
needs in common. These include the 
need for political stability, for popular 
support, for adequate organization, for 
logistic and technical backing, and 
usually for an efficient quarantine sys- 
tem to prevent reinfection of the cleared 
area. Most important of all, the efforts 
must be pushed to the limit until the 
last parasite has been eliminated. The 
last 5 percent is as important as the 
first 95 percent. Anything less than 
100 percent is not eradication. 

Political stability. Eradication pro- 
grams are usually long-term, often re- 
quiring international cooperation. Ob- 
viously, nations work together better 
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if they are at peace and friendly. Po- 
litical upheaval and war usually dis- 
rupt such projects, and in countries 
like Tibet, where fighting is in prog- 
ress, eradication programs are not like- 
ly to succeed. However, the recent col- 
laboration of so many countries on 
issues such as malaria and smallpox 
has shown that much can be done even 
in a troubled world. 

Popular support. Obviously, a pro- 
gram of eradication, with all its costs 
and inconvenience, will not be success- 
ful if it does not have popular support, 
even in a small country. On a world 
scale, this task of insuring popular sup- 
port might well daunt the most fervid 
supporter of the principle were it not 
for the United Nations. It is only 
through the United Nations that the 
two programs of smallpox and malaria 
control have been adopted by the ma- 
jority of people, and even then it is 
clear that some of the nations involved 
have only a lukewarm interest in the 
project, while mainland China, biggest 
of all countries, with its 600 million 
people, is not even in the United Na- 
tions. 

Great difficulty arises in areas where 
an infection of global or continental 
significance is of no particular public 
health importance locally. It is difficult 


to persuade a community to put up 
the funds and make the effort required 
for something that causes little local 


inconvenience. For example, a few 
countries joined in malaria eradication 
only after some hesitation; for them, 
malaria was simply not a public health 
problem, and there was no public pres- 
sure to organize expensive measures to 
benefit neighboring countries. 

The costly and time-consuming ef- 
forts made to eradicate Aedes aegypti 
mosquitoes in urban areas have been 
substantially successful in South Amer- 
ica (8), but as there is no yellow fever 
in the United States, there is no public 
pressure to get rid of Aedes aegypti 
mosquitoes there (Fig. 1). None the 
less, the United States has an interna- 
tional obligation to eradicate this spe- 
cies of mosquito, for its representa- 
tives supported and voted for the reso- 
lution in the first meeting of the Di- 
recting Council of the Pan American 
Sanitary Organization, a meeting in 
which it was resolved that Aedes 
aegypti mosquitoes must be eradicated 
from the Americas (9). As long as 
there are Aedes aegypti mosquitoes in 
North America, there will always be 
a likelihood that they will reinfect the 
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areas in South America that have been 
cleared. 

Syphilis might be eradicated from 
the United States by means of anti- 
biotics and technical services already 
available, but it is unlikely that the 
public would accept an _ eradication 
program. 

Technology. Eradication in any par- 
ticular country may be impractical be- 
cause the government lacks the funds 
or the personnel or the equipment or 
the organization. In certain nations of 
Africa, Southeast Asia, and other parts 
of the tropics, the number of phy- 
sicians and other trained personnel 
may be too small even for routine tasks, 
let alone the difficult and burdensome 
techniques of ‘eradication. When the 
total national budget is inadequate, the 
proportion allotted for health purposes 
is usually small. 

Equipment may be scarce, not to 
mention spare parts and repair tech- 
nicians. Transport is frequently diffi- 
cult because of a scarcity of vehicles 
and drivers and even of passable roads. 
For eradication it is not enough to 
reach most places; one must reach all 
places. Usually 95 percent are reason- 
ably accessible, but the remaining 5 
percent are equally important. 

The administrative organization of 
the national health department in the 
country undertaking eradication pro- 
cedures must be strong enough to take 
the load. Usually, in underdeveloped 
countries, the department is so small 
that one man does work that should 
be done by ten. Frequently major duties 
are left to clerks, since no one else 
is available. To expect these over- 
worked people to take on responsibility 
for a large additional program is to 
be overoptimistic. 

It might be expected that foreign aid 
would supply the needed technicians, 
administrators, equipment, and _ sup- 
plies. This it can do to a large extent, 
but there is a crucial service that can be 
performed only by the host nation itself. 
For example, the first stages of a pro- 
gram are usually easy enough, with 
teams of workers, imported or trained 
by foreign technicians, spraying the 
countryside with insecticides, giving in- 
jections or vaccinations, or handing out 
pills, and with everyone pleased as the 
disease in question recedes. But when 
the foreign teams depart, the task of 
finishing the job and of continuing sur- 
veillance falls to the host government. 
Then the government needs an efficient 
health service, with trained doctors 


who, in the course of their duties, will 
spot and report any recurrence of the 
disease. This program of surveillance 
has to be carried on for years in order 
that recurrences may be promptly dis- 
covered and stamped out in time. This 
task may be beyond the scope of any 
foreign aid, and all too often the na- 
tional health department simply cannot | 
carry it out. The final results over a 
ten-year period might well be especially 
disappointing if the program had started | 
off well. 

Reintroduction of a pathogen is an 
obvious danger where the operation is | 
limited to a country or a continent, 
with infection remaining in regions out- 
side. The usual method is to enforce 
quarantine measures, but the volume 
and nature of travel nowadays, espe- [ 
cially by air, is making quarantine in- [ 
creasingly ineffective. i 


Biologic Factors in Eradication 


On the basis of modern evolutionary 
theory it may be assumed that all hu- 
man infections are derived from ances- | 
tral animal infections, since man him- 
self was once a nonhuman animal. All 
human infections have related patho- 
gens still existing in animal hosts, and 
the nature of these animal pathogens to 
a large extent decides whether or not 
an infection can be eradicated. Man 
belongs to the order Primates, and his J 
relations the apes, the monkeys, and 
other primates share with him para- 
sites that have been handed from one 
generation to another from their com- 
mon primate ancestor. Elsewhere it has 
been suggested that these parasites in- 
clude the intestinal protozoa, pinworms, 
herpes virus, malaria parasites, and so 
on (10, theory 2). In addition, there is 
a sharing of parasites among animals 
in intimate contact in the same ecology, 
as, for example, between man and his 
domestic animals. Sometimes this shar- 
ing is continued without change in the 
form of the parasite, and a new form 
of zoonoses is established, while in 
other instances a newly parasitized spe- 
cies of host will convey the parasite 
within its own population and in time 
a new strain will be selected that is 
largely specific to that host. Elsewhere 
it has been suggested that this is the 
way in which the pox viruses evolved 
among the animals brought together 
into man’s ecology when man settled 
down and domesticated animals (/0, 
theory 6). 
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' Some of these relationships are close 
indeed; others are not so close, and 
some are fairly distant. When any erad- 
ication of an infection is contemplated, 
it is essential that the evolution of the 
agent be studied to determine the na- 
ture of these relationships and the ef- 
fect they will have on the final result 
of the program. Related animal infec- 
tions can be grouped as follows. 

1) Identical. These infections are the 
zoonoses. From the point of view of 
eradication they can be subdivided into 
infections of wild animals and _infec- 
tions of domestic animals. If wild ani- 
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mals are involved (as in rabies, yellow 
fever, plague, rickettsial infections, or 
salmonella infections), then eradication 
will be difficult if not impossible. If 
only domestic animals are involved (as 
in Mycobacterium bovis infections, bru- 
cellosis, and glanders), then “regional” 
eradication is easy, for all that is neces- 
sary is to test the animals and kill the 
reactors, or else immunize the stock. 
However, research may show that most 
infections in domestic animals occur 
also in wild animals, and that world 
eradication may be impossible. 

2) Closely related. In nature, closely 


related species sharing the same ecolo- 
gies compete with one another, and 
this must happen with parasites also. 
Possibly the distribution of each spe- 
cies is to a certain extent dependent on 
this interspecific competition. A zoo- 
nosis like yellow fever is related to a 
wide range of other arbor viruses and 
almost certainly is affected by them. 
This is the explanation sometimes pro- 
posed for the absence of yellow fever 
in India, where the facilities for spread- 
ing have existed for at least 2000 years. 
If yellow fever virus were completely 
eradicated from Africa, it might well 
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Fig. 1. Status of the Aedes aegypti eradication campaign in the Western Hemisphere in December 1960. “Aedes aegypti eradi- 


cation completed” signifies that eradication has been verified in accordance with the standards established by the Pan American 
Sanitary Bureau. [Pan American Health Organization] 
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be that related, competing viruses would 
emerge prominently in that area. 

Parasites similar to malaria parasites 
of man exist in apes and monkeys. The 
question as to whether they are identical 
is a matter of urgent research at the 
moment, but in any event there is no 
question but that man can be infected 
with these parasites (4). Should the 
human malaria parasites be eradicated 
but not the vectors, then, after the 
eradication measures had been halted, 
man would be reinfected from the pri- 
mates, if these have identical parasites, 
or if they have not, over a period of 
decades human parasites might re- 
evolve from parasites of the primate 
reservoirs. In either case, human ma- 
laria would be likely to reappear. 

As to treponemal infections, the va- 
rious species are probably mere variants 
of one basic organism (//). Interspe- 
cific competition may partially deter- 
mine whether a population contracts 
yaws or syphilis. Eradication of yaws 
will probably result in an increase in 
syphilis. 

3) Substantially different. An infec- 
tion such as smallpox is closely related 
to infections in other animals in man’s 
immediate ecology—animals such as 
mice, cows, horses, sheep, or chickens. 
It is possible that all of these infections 
derive from a radiation of a single or- 
ganism that occurred at the time man 
first settled down and domesticated ani- 
mals (J0, theory 6). These organisms 
are now so highly adapted to their 
hosts, and conditions have so changed 
from those under which they evolved, 
that the possibility that smallpox would 
re-evolve appears to be remote. The 
chances, therefore, of permanent eradi- 
cation of the infection seem good. 

4) Very remote relationships. Organ- 
isms like the leprosy bacillus have prob- 
ably been symbiotes of man and his 
predecessors over many millions of 
years, are closely adapted to man, and 
have no close relations in other ani- 
mals. Once eradicated, the chance of 
their re-evolving is extremely small. 

It is becoming increasingly recog- 
nized that an organism that has radi- 
ated into many species is more capable 
biologically of surviving than one 
which has only a few species (/2). A 
large organismal group is well equipped 
to withstand the adversities of changing 
environments and to adapt to new con- 
ditions as they arise. This strength 
arises from the variety of genetic mech- 
anisms present in the radiation, in con- 
trast to the limited range of mecha- 
nisms for organismal groups with only 
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a few species. In general, wide radia- 
tions are found mainly in the locations 
of origin of the ancestral organism, and 
only single species or narrow radiations 
are found in areas where the organism 
has been newly introduced, for it takes 
considerable time for new species to 
appear. Eradication procedures will 
therefore be easier to complete and 
more successful, in long-term effects, 
when employed against species of para- 
site or insect vector that have colon- 
ized the area in recent times than when 
employed against species that have been 
established there perhaps for millions 
of years. 

The program to eradicate Anopheles 
gambiae in Brazil was a success, pos- 
sibly because the mosquito was an in- 
troduced species, while a similar pro- 
gram against A. labranchiae in Sar- 
dinia was a failure in the sense that 
the mosquito species was not completely 
eliminated, because the anopheles in 
Sardinia were indigenous to the island 
and probably had been there many 
thousands or even millions of years 
(13). In addition to the mosquitoes 
which have become adapted to feeding 
on man within recent times, there was 
the original native stock, still feeding on 
wild animals. These mosquitoes of the 
original stock were not greatly affected 
by the eradication program and, pre- 
sumably, form a reservoir from which 
fresh strains of domestic mosquitoes 
will evolve now that the program has 
terminated. Similarly, eradication of 
Aedes aegypti is proceeding very well 
in South America, where it probably is 
a newcomer of only some 400 years’ 
standing, and where wild strains in the 
forest are as yet unknown. The story 
would be different should a similar 
program be attempted in East Africa, 
where wild strains are well established 
in the forest. 

It is sometimes said that when an 
organism has been reduced to very 
small numbers it cannot survive and 
will die out spontaneously. This idea is 
of practical importance in eradication 
programs, for the last few sources of 
infection are difficult to reach. It is 
probably often true as applied to ani- 
mals that are genetically diploid, but 
not necessarily so with microorganisms 
that are haploid. For example, the 
whooping cranes are probably doomed 
to extinction merely because there are 
only about 40 of them left alive. Dele- 
terious or lethal mutations will occur 
occasionally in them; since most will 
be recessive, those that do not result 
in death will be stored away without 


expressing themselves. The close in- 
breeding that occurs in so small a pop- 
ulation as 40 will result in these reces- 
sive deleterious mutations becoming 
demonstrated in the phenotype, so that 
the birds will become increasingly unfit 
to survive. They will be saved only if 
the environment changes substantially 
in their favor. 

With haploid organisms, this is not 
the case, for any mutation is likely to 
be expressed immediately in the pheno- 
type, and if the mutation is sufficiently 
deleterious, the individual organism will 
fail to survive. The future population 
of the haploid organism will consist 
only of the descendants of those with- 
out the mutation, so that small num- 
bers do not necessarily indicate that 
the population is doomed to become 
extinct. 


In a vector-borne infection, the path- | 


ogen will die out if the density of the 
vector is too low. This is a well-recog- 
nized phenomenon in malaria, yellow 
fever, plague, and filaria, and usually 
in control programs there are indices, 


such as the aegypti or the cheopis in- ; 


dices, of the permissible levels of vector 
densities for control of the infections. 
Should the numbers of these vectors be 
kept permanently below the threshold 
levels, then in time the pathogens will 
be eradicated. However, in any large 
country there may be small local pock- 
ets where high density levels of the 
vectors may persist, even though the 
general level for the area is low, and 
in an eradication program these must 
be sought for diligently. These pockets 
will not be so important in an infec- 
tion like yellow fever, where the infec- 
tious process in the host is brief and the 
host population soon becomes immune 
to the pathogen, but they can be ex- 
tremely important in malaria and filaria, 
where the host can carry the parasites 
for years. 

Certain infections have been known 
to dwindle to small numbers and then 
disappear spontaneously. The extinc- 
tion, however, was not due to the para- 
site population’s falling below a hypo- 
thetical numerical threshold but to the 
parasites’ having lost their fitness to sur- 
vive in the environment. “Fitness” can 
be defined as an organism’s capacity to 
produce regularly as many viable mem- 


bers in one generation as in the preced- § 


ing generation, for if it produces fewer 
in each succeeding generation it will 
become extinct. Changes in environ- 
ment and in behavior in places such as 
England and the United States in the 
past hundred years have tipped the 
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balance against many parasites such as 
lice, the malaria parasite, the cholera 
vibrio, bubonic plague bacilli, and tu- 
bercle bacilli, and these infections, if 
they have not completely disappeared, 
are becoming less and less frequent. 
This process is clearly due to environ- 
mental changes and not to mere small- 
ness in numbers of the parasites; the 
paucity of the organisms in the closing 
stages is merely the final step in a con- 
tinuing process. 

In a country where conditions favor 
the parasite, the elimination of this last 
trace of the infection can be extremely 
troublesome; yet until it has been ac- 
complished, the campaign will not be 
a success. If the operating procedures 
are stopped prematurely, the infection 
will return, and either the program will 
have to be recommenced or else all the 
effort will have been wasted. In Cey- 
lon, antimosquito measures were com- 
menced in 1945 with the then newly 
available residual insecticide DDT, and 
the results exceeded expectations, for 
within one year there had been a dra- 
matic fall in the incidence of malaria. 
After a while the general spraying was 
stopped because of the increasing re- 
sistance of the mosquitoes, and reliance 
was placed on a surveillance system. 
with spraying of local infected areas. 
However, the malaria did not dwindle 
and vanish as expected but continued, 
and at the end of ten years it was still 
present in certain small foci (74). Ma- 
laria had been controlled but not eradi- 
cated. More vigorous measures are now 
being taken to discover and deal with 
these small foci. 

The story has been much the same in 
Haiti, where yaws eradication is being 
attempted (Fig. 2). There had been 
45,356 cases of yaws reported in 1949 
in the island; in 1950 the general popu- 
lation had been given penicillin, and 
in 1953 only about 400 cases of yaws 
could be found. Every year since then 
the program has continued, and the 
early eradication of yaws has been 
eagerly expected, but each year up to 
1959 there continued to be a hard core 
of about 300 cases (8, 15). In nearby 
Jamaica, the yaws eradication program 
had made considerable progress when 
the teams for checking and surveillance 
were withdrawn prematurely. In 1959, 
415 new cases of infectious yaws were 
reported, and the program is to be 
resumed (8). 

This kind of experience underlines 
the difficulties in the later stages of an 
eradication program. Once the first en- 
thusiasm for the program has dwindled 
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and the disease to a large extent has 
disappeared, it is difficult to keep the 
teams in the field and at a high level of 
efficiency. The mode of transmission 
may be difficult to see, so that cases 
pop up in unexpected places, and often 
supreme efforts are necessary to bring 
the transmitting agent to light. Soper 
has called this level of infectivity the 
“threshold of visibility” below which 
the mode of transmission of the infec- 
tion cannot be seen with routine meth- 
ods (/6), and it is this that causes cam- 
paigns to drag on year after year when, 
according to all expectations, they 
should have been completed. 
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Eradication in Practice 


Small islands are obviously the places 
where eradication efforts can best be 
made, for there the problems are clear- 
cut and quarantine measures are easiest 
to enforce. In England, several infec- 
tions have been deliberately eliminated. 
including smallpox, rabies, and gland- 
ers, while typhus, plague, relapsing 
fever, malaria, cholera, and possibly 
leprosy have vanished, probably as a 
result of changing environments and 
habits. Smallpox was everywhere in 
England in the 18th century, but in 
1867 vaccination was made compulsory. 


Fig. 2. “Show your feet” is the order of the day in Haiti, where, with the assistance 
of the Pan American Sanitary Bureau and the United Nations International Children’s 
Emergency Fund (UNICEF), the government is carrying out a program to eradicate 
yaws. Signs of the infection are frequently found on the feet. UNICEF contributes 
equipment and supplies, while technical advisory services are provided by the Pan 
American Sanitary Bureau, executive body of the Pan American Health Organization 
and regional office of the World Health Organization. [Pan American Health Organi- 
zation] 
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By 1871 the annual death rate per mil- 
lion people was down to 1012, and in 
the ten-year period 1911-1920, not a 
single death was reported. However, 
a very mild form was common during 
the 1920’s (17). Vaccination is no 
longer compulsory, and the immunity 
status of the nation is no longer so 
high, so that introduced infections every 
few years cause small outbreaks, but 
smallpox still is not an endemic disease. 

Glanders in England was eliminated 
by slaughtering all horses with the in- 
fection. 

There has been almost no plague in 
England since the 17th century, par- 
tially as a result of the change in the 
species of rats in the island, and par- 
tially because of the vigorous campaigns 
at ports to keep out foreign rats. How- 
ever, in the early 1900's, sylvatic plague 
was discovered in East Anglia, where 
a handful of human cases was diag- 
nosed, and this persisted for a few years 
until it died out spontaneously. Pre- 
sumably it had been introduced at a 
nearby port. 

Higher standards of living and greater 
cleanliness were responsible for the dis- 
appearance of typhus and relapsing 
fever, for body-lice infestations are un- 
common, although infestation with head 
lice still is found. Cholera has not been 
seen since the 1860’s as a consequence 
of improvements in sewage disposal 
and management of water supply. Ma- 
laria has disappeared, partially because 
of the draining of the marshes and 
partially because its foothold in the 
country was always precarious as a re- 
sult of the low summer temperatures. 
Also, the vector mosquitoes prefer feed- 
ing on animals to feeding on human 
beings. 

Ceylon is another island with a good 
record of eradication of infections. 
Within the past 20 years, smallpox, 
plague, and cholera have all been 
wiped out, although each is likely to 
be reintroduced from time to time from 
India, which is only 18 miles away, 
across the Palk Strait. Smallpox was 
dealt with by maintaining high levels 
of vaccination immunity. Cholera and 
plague were both introduced infections 
which responded well to orthodox pub- 
lic health measures. The plague-carrying 
fleas had been imported from India and 
were limited to the port area of Colom- 
bo and to one or two small sites on the 
coast; rat-control measures have caused 
the infection to die out (78). 

As for eradication on a regional scale, 
in America north of Mexico, several 
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infections have disappeared. The last 
reported case of smallpox authenticated 
by isolation of the virus was in 1949 in 
Hidalgo County, Texas (19). Malaria 
dwindled with drainage of swamps and 
mosquito-proofing of homes. Control 
projects such as those of the Tennessee 
Valley Authority and the Malaria Con- 
trol in War Areas were also effective, 
so that by the end of World War II the 
surprising discovery was made that, 
without widespread use of DDT, ma- 
laria as an indigenous infection had 
practically ceased to exist, although it 
is continually being imported (20). 

Yellow fever was easily eradicated in 
the United States, once the mosquito 
vector had been identified, and so far it 
has not been reintroduced. The last 
cases of yellow fever were in New Or- 
leans in 1905, when about 1000 deaths 
occurred (6). There has been no cholera 
for nearly 100 years. 


Smallpox 


Smallpox is the ideal target for an 
eradication program on a world scale. 
Since the layman, terrified by its threat, 
can see that it is infectious, control and 
eradication measures usually receive full 
backing, even in primitive areas. Vacci- 
nation gives a solid immunity for about 
three to five years and a modified im- 
munity for life. The vaccine is easy to 
make on a mass scale, even under field 
conditions, and remains potent for 
seven to ten days, without refrigera- 
tion, in the “wet” form and for six 
months to a year in the “dry” form. 
Little in the way of highly skilled tech- 
nical help is required, except for over- 
all direction and evaluation, for the 
techniques of vaccination are simple 
(21) (Fig. 3). The chances of the in- 
fection’s evolving again are small. 


Malaria 


Malaria has often been described as 
man’s number one killer. The discovery 
of residual insecticides gave rise to the 
hope that at long last a way had been 
found to deal with the menace. The 
subsequent appearance of resistance to 
insecticides led to the belief that, if this 
new weapon was to be effective, it had 
to be used once and for all, before its 
edge was blunted by this resistance. The 
objective of world eradication has been 
proclaimed by the World Health Or- 
ganization, supported by the United 


States, and agreed to by many nations, 
and programs are now in progress in 
a number of countries. No one envi- 
sioned the task as being easy, but un- 
expected difficulties are arising. Where 
transport, communications, health sery- 
ices, and supplies are poor or ineffec- 
tive, especially in the less developed 
areas, the campaigns suffer. 

The practical difficulties of malaria 
eradication are so formidable that the 
time for completing the program with 
current weapons must be measured in 
decades rather than in years. At least 
20 years will be required and perhaps 
many more. 

This period will be shortened dras- 
tically only if research produces new 
and more efficient techniques of killing 
insects or eliminating plasmodia on a 
mass scale. In any country a minimum 
of ten years’ surveillance is necessary 
to insure that the last parasite has been 
killed. This was illustrated recently in 
the United States when a small pocket 
of infection was found in Oklahoma, 
several years after the indigenous in- 
fection was supposed to have disap- 
peared (22). If this can happen in the 
United States it is even more likely to 
occur in countries with primitive health 
services. 

If and when the last plasmodium 
parasite in a human being has been 
killed, and eradication on a world scale 
has apparently been achieved, the next 
question will be how to deal with simi- 
lar parasites in animals, particularly 
monkeys and apes. Elsewhere it has 
been proposed that human and simian 
malaria are variants of the one ances- 
tral parasite (10), the ape and monkey 
plasmodia being closely related to, or 
even identical to, the human parasites. J 
Recently, natural transmission of si- 
mian malaria to human beings has been 
reported (4), and this opens up the 
disturbing possibility that malaria is a 
zoonosis, somewhat like yellow fever. 
Obviously this matter needs further re- 
search. If a simian reservoir does in- 
deed exist, then eradication of malaria 
as presently contemplated will not be 
possible. 


Poliomyelitis 


Eradication of poliomyelitis virus is 
also being discussed. Production of live 
attenuated virus for use as an immuniz- 
ing agent gives some hope that, through 
oral vaccination of large numbers of 
individuals, the wild virulent strains 
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Fig. 3. Lady volunteers in Khulna, East Pakistan, trained in the technique of smallpox vaccination. In countries that have the 
purdah system, male technicians cannot vaccinate the women, and professional women health workers are very scarce. 


will be replaced by harmless strains. 
What is being suggested is a practical 
test of a bitterly fought theoretical prob- 
lem, known to biologists as Gause’s 
principle or the “competitive exclusion” 
principle of Hardin (23). In its sim- 
plest form this can be stated as follows: 
“Two related species of the same ecol- 
ogy cannot live together in the same 
place,” for one species will have an 
advantage over the other and in time 
will replace it. The question in polio- 
myelitis will be, which species will sur- 
vive, the virulent wild virus or the vac- 
cine? If it is proposed merely to release 
doses of the vaccine in the hope that 
it will spread under its own agency and 
replace the other virus, then the effort 
is almost certainly doomed to failure, 
for the wild strains have been selected 
under intensely competitive conditions 
over long periods and presumably are 
far better adapted to life under natural 
conditions than is any “hothouse” lab- 
oratory strain that is liberated. The all- 
important capacity to resist adverse cir- 
cumstances while being transmitted 
from host to host in nature has been 
ignored during the passage procedures 
in the laboratory, for passive transfer 
by syringe or pipet is not likely to have 
encouraged the selection of strains re- 
sistant to adverse conditions outside 
the body. As a result, the vaccine virus 
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can be expected to have relatively little 
capacity to move to new hosts, as com- 
pared with the wild strains, and is un- 
likely to become established as a self- 
perpetuating organism. The experience 
of the Russians has shown that about 
50 percent of protected persons excrete 
live vaccine within three to five months 
after vaccination (24), but in contrast 
it is well known that during epidemics 
of the wild strains, almost everyone in a 
small, intimate community is infected. 
Experience in the United States indi- 
cates that the vaccine virus spreads 
poorly and does not establish itself as 
a permanent infection (25). The dif- 
ferences in spread in the U.S.S.R. and 
in the United States may be related to 
variations in sanitary conditions. 
Elsewhere it has been proposed that 
for every infection and set of circum- 
stances there is a minimum host popu- 
lation that is necessary to support the 
infection on a permanent endemic basis 
(10). The fact that poliomyelitis infec- 
tion dies out in small communities has 
been recognized (26). In a large hu- 
man population, the number of indi- 
viduals susceptibje to the virulent polio- 
myelitis infection can be reduced below 
this threshold level by repeated feedings 
of the competing attenuated and im- 
munizing live virus. When this threshold 
is passed, the virulent wild virus will 





automatically die out. The percentage 
of susceptible individuals in the com- 
munity that form this threshold popu- 
lation will vary from one population to 
another, being lower where the chance 
of person-to-person contact is high, as 
in areas with, say, 1000 persons per 
square mile, and high in areas with only 
five or ten persons per square mile. To 
state this another way, it may be neces- 
sary to immunize 90 percent of the peo- 
ple in a town and only 75 percent in a 
rural area to reach the threshold level 
at which the wild virus disappears. 

In eradication programs confined to 
a continent, there will be no means 
of keeping out reinfecting imported 
strains, for there is no practical way of 
detecting carriers of poliovirus. This 
means that occasional cases of polio- 
myelitis will occur, but that, at the 
worst, any epidemic resulting will be 
small and sharply limited. It does not 
follow that, if the whole world were 
brought up to the required level of im- 
munity and the wild strains of virulent 
virus became extinct, these strains 
would have been eradicated for good 
and all further efforts could be aban- 
doned. The circumstances that led to 
the evolution of the wild strains will 
presumably still be operative, and nat- 
ural selection would quickly produce 
new strains from the vaccine virus, so 
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that the immunizing procedures would 
have to be maintained indefinitely. By 
practical cefinition, this situation would 
be one of control and not eradication. 


Cholera 


Cholera as an endemic infection is 
now confined to small areas of South- 
east Asia, principally the Bengal area 
of India and East Pakistan. Elsewhere 
it has been suggested that the infection 
is basically a rural one and is due to 
the fact that the only sources of water 
in the dry hot months are the highly 
polluted “tanks” or ponds of surface 
water (27). If these tanks were re- 
placed by water supplies from unpol- 
luted sources, then there is a good pos- 
sibility that cholera would disappear 
from the world. Of course, Bengal is 
not unique in having such a situation, 
and similar choleraic-disease-causing 
vibrios might evolve in pond water in 
other parts of the world. Such a situa- 
tion seems to occur in Indonesia, where 
repeated outbreaks of ‘“paracholera,” 
due to a different vibrio, are reported. 
Steps are now being taken to provide 
the people of Bengal with clean water; 
if these are successful, cholera may 
well disappear completely, although 
paracholera may persist. 


Discussion 


Eradication has been demonstrated 
many times to be entirely practical 
within certain limits, even with the 
techniques of today. Modern research 
is proceeding so quickly that many 
tasks that now seem impossible or ex- 
tremely tedious and time-consuming 
may tomorrow be quite simple and 
quite rapidly performed. Most of the 
practical difficulties listed earlier in 
this article may be resolved in one or 
two decades, 


Presumably, there will be rapid im- 
provement in such areas as transport, 
logistics, and the strengthening of 
health services. Tasks such as the inoc- 
ulation of people by the tens of mil- 
lions will be speeded up by machines 
such as the hypospray jet injector (28). 
The dosing of people with drugs 
through additions to food or drink will 
make mass chemotherapy a practical 
matter. The development of live vac- 
cines that can be given orally to babies 
soon after birth may immunize the pop- 
ulations of the world against many vi- 
ruses. Such techniques, which are 
emerging in the laboratory today, may 
be available for use in the field in the 
near future. 

Therefore, we can look forward with 
confidence to a considerable degree of 
freedom from infectious diseases at a 
time not too far in the future. Indeed, 
if the present pace of research and the 
present increase in the world’s wealth 
continue, and if we suffer no major 
calamities such as an atomic war or an 
uncontrolled population explosion, then 
it seems reasonable to anticipate that 
within some measurable time, such as 
100 years, all the major infections will 
have disappeared. This desirable goal 
will not be easily reached, for the diffi- 
culties are many, and unpleasant sur- 
prises. are inevitable. Most of all there 
must be very much more research. And 
even as we are successfully eliminating 
one set of infections, new ones will 
almost certainly appear, for we live in a 
world swarming with potential patho- 
gens in many forms. Evolution is not 
merely something that happened in the 
past; it is an essential part of both the 
present and the future, so that out of 
all the microorganisms that are con- 
tinually seeking to invade our bodies, 
one that is favored by changing condi- 
tions will occasionally succeed. Always 
we will have to be on our guard, watch- 
ing for signs of danger among the po- 
tential pathogens and stamping out ‘the 








































latest comer among them in the small 
focus in which it is evolving, and be- 
fore it has the opportunity to spread 
across the world. 
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On The Unity of the Sciences 


Interreactions among the physical and biological 
sciences show that unification is progressive. 


It was only 16 years ago that the 
seeds were sown which led gradually to 
what is now so clearly a revolution in 
the biological sciences. In 1944 it was 
announced by Avery, MacLeod, and 
McCarty that nucleic acids may possess 
biological activity; that they can direct 
and orient inheritance in bacteria. This 
now classic paper created a storm of 
protest, and the conclusions were 
vigorously opposed by many reputable 
authorities. It was nearly eight years 
before the full significance of this 
astonishing discovery was generally 
recognized, and it took almost another 
eight years for the revolution it initiated 
to come into full flower. In the interval, 
several Nobel prizes were awarded, 
though not to the original discoverers, 
for remarkable advances in knowledge 
which were closely related either to 
nucleic acids or to their genetic 
activities. 

This revolution in the life sciences 
has produced results almost as remark- 
able and as unexpected as those of the 
revolution in the physical sciences that 
was initiated by the discovery of radio- 
activity. The formal lines between the 
several disciplines have disappeared in 
biology just as they were broken down 
in the physical sciences. It is no more 
possible now to make a clear distinction 
among cytologists, geneticists, immunol- 
ogists, and virologists than to make one 
among chemists, physical chemists, and 
physicists. They attend each other’s 
meetings, present papers on associated 
problems, and utilize materials, tech- 
niques and instruments that, ten years 
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ago, they either had no interest in or 
had not heard of. Most importantly, 
they have come to speak a nearly com- 
mon language, and thus to understand 
one another. 

Such, then, is the force of a new 
and sweeping concept, which embraces 
all of biology, from viruses to whales, 
in a single unifying principle. With the 
discovery that nucleic acids are the 
chemical basis for heredity and that the 
biological phenomenon, identified as 
the gene, is in fact attributable to a 
specific polynucleotide sequence, molec- 
ular biology became a reality, and the 
long-hoped-for marriage between the 
biological and the physical sciences 
commenced. 


Analysis of a Crystal 


To exemplify this synthesis among 
scientific disciplines that have long had 
too little in common, I present here a 
single figure, which I have selected with 
some care (Fig. i). A glance at this 
lovely gem, more valuable than a dia- 
mond, reveals that it a physical entity 
—a nearly perfect crystal with many 
sides. The magnification is low, and 
the crystal probably could be seen with 
the naked eye. 

A crystallographer would undoubted- 
ly assign a long name to this object, 
but despite the extraordinary power 
and resolution of his instruments, it is 
doubtful that he could precisely identify 
it. 

A chemist would find that the crystal 
is composed of but two molecular 
species, one protein, the other nucleic 
acid, and_ could show that the nucleic 
acid is of the ribose type and makes 
up about 30 percent of the substance. 
But it is doubtful that he would estab- 
lish the nature of the crystal. 

A physical chemist would find that 





the ribonucleic acid has a molecular 
weight of about 2 million, the protein 
a molecular weight of a few hundred 
thousand. He could also demonstrate 
that the crystal is entirely composed of 
like units with a particle weight of 
many millions, and he would infer that 
each particle contains both protein and 
nucleic acid. If he were very clever he 
could separate the two components that 
make up the particles, without destroy- 
ing either, but he might need a bio- 
chemist to help. 

An electron microscopist would find 
that the crystal is made up wholly of 
very tiny spheres, about 27 millimicrons 
in diameter, and he just might be able 
to discern that the central portion of 
each sphere had a slightly higher elec- 
tron density than the peripheral area. 
He would not be able to visualize any 
limiting membrane, but, if he had had 
much experience with similar objects, 
he might begin to suspect the identity 
of the material. Certainty he would es- 
tablish that the crystal contained several 
billion identical particles, for he could 
count them without great difficulty. 

An immunologist would find that the 
crystal contains antigenic material and 
that it could stimulate the production 
of several kinds of antibodies in a num- 
ber of different animal species. He 
would do well not to test it in this 
way in man or in monkeys, however, 
for if he did, and if he were a really 
competent immunologist, he could cer- 
tainly identify the substance! 

A virologist would make the startling 
discovery that the crystal is composed 
of type 1 poliomyelitis virus and that 
even a relatively small number of the 
particles, perhaps no more than 30, 
could induce severe paralysis in man 
or other primates. If, now, he obtained 
the ribonucleic acid that had been 
carefully separated from the protein 
component by the biochemist, he would 
find that it, too, is infective. Thus, he 
would have in his hands an infective 
molecule (how odd these two words 
seem when used together!)—one that 
can guide and direct the synthesis of 
more molecules like itself and ultimate- 
ly lead to the production of disease. 

A geneticist would find that the virus 
or the infective nucleic acid (the dis- 
tinction has become merely semantic) 
possesses heritable properties which can 
be identified as genes, that it may under- 
go mutation as do other biological 
entities, and that the mutants have 
heritable properties which probably re- 
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Fig. 1. A single large crystal of Mahoney 
poliomyelitis virus (x 80). [R. L. Steere 
and F. L. Schaffer, Biochim. et Biophys. 
Acta 28, 241 (1958)] 


flect alterations in the fine structure of 
their nucleic acids. 

The lovely crystal has been found to 
have some surprising attributes. It is 
one of the first ever to be prepared 
with an animal virus, and I wish to 
acknowledge indebtedness to Wendell 
Stanley of the Virus Laboratory of the 
University of California for this ex- 
cellent reproduction. To analyze in 
depth this seemingly simple object has 
required the kinds of professional com- 
petence that previously were distributed 
among some eight different scientific 


disciplines, both physical and biological. 
Because of the large significance to 
broad understanding that material of 
this kind contributes, biologists have 
recognized their need to acquire more 
than a nodding acquaintance with the 
physical sciences; at the same time, 


many in the latter disciplines have 
recognized the importance of knowing 
more biology. The results of this new 
community of interest—of the rebirth 
of the natural philosopher, if you will 
—have been both unexpected and re- 
markably rewarding. 


Some Results 


Not only are we confronted now with 
a number of infective molecules (some 
of the deoxyribonucleic acid type have 
recently been obtained from tumor- 


inducing viruses), but also we can no 
longer escape a new biological concept 
—that of infective heredity. Certain 
bacterial viruses induce heritable 
changes in the bacteria they infect, as, 
too, of course, do several viruses that 
induce tumors in animals. A striking 
example is the diphtheria bacillus, 
which is led to produce a new protein 
—that is, diphtheria toxin—as a result 
of infection with a bacteriophage. 

New genes now can be introduced 
into certain cells; genes previously 
present can be masked or overridden, 
and biological material is beginning to 
acquire a made-to-order aspect that 
recalls the remarkable achievements of 
synthetic organic chemistry. Heredity 
has acquired wholly new aspects, and 
the possibility that it may be controlled 
and guided seems no longer to be mere- 
ly visionary. 

Cytology and fine anatomical struc- 
ture are being re-evaluated through sys- 
tematic application of the electron 
microscope. Cytoplasm no longer ap- 
pears to be simply a structureless jelly 
and has been revealed as a complex 
maze of channels and organelles with 
distinctive metabolic functions. 

Chromosomes have been assigned in- 
dividual designations, and aberrations 
in their number and variety are now as- 
sociated with certain abnormalities in 
sexual development as well as with 
some congenital malformations—for 
example, mongolism. The mitotic ap- 
paratus has been separated from cells 
and studied as an independent entity. 
Why chromosomes cannot be visualized 
during the intermitotic interval remains 
a mystery. 

The precise amino acid sequence of 
some proteins—for example, insulin 
and ribonuclease—is established, as is 
that of certain pituitary hormones. That 
the chemical structure of the latter sub- 
stances had been exactly understood 
was proved when they were synthesized 
and shown to possess predicted bio- 
logical activity. One type of human ab- 
normal hemoglobin which is genetical- 
ly determined is known to differ from 
the normal respiratory pigment only in 
respect to a single amino acid. 

Immunology, possibly one of the 


most important and also one of the 
most underdeveloped among the bio- 
logical disciplines, is rapidly coming of 
age; recognition of the existence of so- 
called autoimmune mechanisms, the 
exquisiteness of the distinction between 
“self and non-self,” to use Burnet’s 
terms, and the remarkable advances in 
understanding homograft rejection are 
indicative of what lies ahead in this 
field. That immunology, like so much 
else in the life sciences, is shown to be 
directly under genetic control—control 
which is now known to be definable in 
molecular terms—is illustrative of the 
encouraging advancement and the pro- 
gressive unification of scientific knowl- 
edge that is taking place. 


Significance 


I have emphasized the revolution 
that has occurred recently in biology 
in part because it is exciting but chief- 
ly because of what it implies for under- 
standing. The accumulation of seem- 
ingly unrelated technical details that 
has plagued and often discouraged the 
student of the life sciences is begin- 
ning to aggregate in a meaningful way, 
and much of it now hangs together in 
a framework of principles that are 
solidly based. 

The discovery that a nucleic acid 
molecule can reproduce itself in a bio- 
logical environment, that it carries in 
its chemical structure as much coded 
information as can be found in more 
than 100 textbooks, and that by virtue 
of chemical necessity it controls the 
synthesis of its complementary partner 
with such precision that mistake—that 
is, a mutation—occurs less than once in 
a million replications is not only im- 
pressive but far-reaching. 

Biology, like chemistry, is in a posi- | 
tion to discard many of its descriptive 
shackles. The unifying principles that 
emerged from knowledge of the struc- 
ture of the atom, which so changed 
ideas in the physical sciences, now have 
their counterparts in new knowledge of 
the structure of the gene, which is, 
of course, the elementary basis for the 
continuity of life. 
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Science in the News 


Disarmament: U.N. Agrees To 
Cancel Public Debate While U.S. 
and U.S.S.R. Talk Things Over 


From New York. What had been 
feared would be a lengthy and acri- 
monious debate on disarmament at the 
United Nations took exactly 23 min- 
utes last week, of which less than 5 
minutes was taken by the principal ad- 
versaries. In a brief statement opening 
the “debate,” Adlai Stevenson recom- 
mended that the topic be put off while 
the United States prepared its position 
for negotiations that, he hoped, would 
“produce results, rather than further 
disappointment.” Andrei Gromyko, in 
an equally brief statement, announced 
that in view of the desire of the new 
Administration to complete its policy 
review the Soviet Union “found it pos- 
sible not to insist” on a full debate un- 
til fall. 

The two powers promised to carry 
on private discussions leading to full- 
scale formal negotiations this summer. 
The Canadian delegate said that the 
dropping of disarmament from the 
agenda until fall did not mean that the 
smaller powers were accepting the no- 
tion that disarmament is a_ private 
matter to be left to Russia and Ameri- 
ca, and he suggested that the two pow- 
ers keep the U.N. informed of what 
they are up to in their private talks. 

The meeting was more of a public 
performance than a public discussion. 
Except for some brief statements by 
African delegates echoing the Canadian 
position that disarmament and nuclear 
weapons are a matter of concern to 
the lesser as well as the great powers, 
the entire show was planned in ad- 
vance, with everyone aware of what 
everyone else would say, including the 
fact that Krishna Menon, the Indian 
delegate, would say nothing. Several 
hours before the meeting began an 
American spokesman provided the 
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press with a briefing on what was 
going to happen, and the outcome, ap- 
proval of a joint Soviet-American reso- 
lution putting off the debate until fall, 
was known before the meeting began. 

The official American position is 
that the Russians, who originally 
wanted the debate, had quite unex- 
plainedly agreed to put it off, and that 
they received no concessions. A minor 
Russian official, talking informally, 
suggested: “Gromyko talked to Ken- 
nedy alone, not even an interpreter 
present, so nobody knows just what 
happened; but we wanted to debate, 
now we agree not to debate; we must 
have gotten something.” 

A common view is that what the 
Russians got was American agreement 
to participate in bilateral negotiations 
with the Russians on disarmament, 
something which we have always re- 
fused in the past, if only on the 
grounds that our allies insisted on being 
included in the talks. The official 
American position is that this is not 
true: that the private Soviet-American 
discussions will deal only with setting 
up the formal basis for negotiations, 
not with questions of substance. 


Hope for Progress 


Whatever the details of the Soviet- 
American agreement, the effect of what 
happened last week was, first, to raise 
slightly hopes for real progress on dis- 
armament, on the assumption that the 
Russian agreement to pass up the op- 
portunity to insist on a battle of prop- 
aganda at the current U.N. session in- 
dicates that they are growing more seri- 
ous about disarmament, and, second, 
to commit the U.S. more heavily than 
ever to coming up with specific pro- 
posals on disarmament in August, for 
we will surely look very silly at the 
next U.N. session in the fall if, after 
getting everyone to go along with our 
desire to take the better part of a year 





to review our position, we come up 
with nothing new. 

Just how much the Russian agree- 
ment to put off the disarmament de- 
bate indicated a real increase in the 
Russian willingness, or even ability, to 
deal realistically with the question is 
uncertain. There is somewhat less un- 
certainty about the sort of disarma- 
ment proposals the U.S. will make 
when its policy review is completed this 
summer. 

The Soviet decision to put off debate 
was certainly influenced by the fact 
that the propaganda advantages to be 
gained, and therefore the temptation to 
insist on debate, had lessened with the 
change in the American administration. 

What is sought is disarmament with 
inspection. The basic problem for the 
United States, and what made nearly 
everyone assume that it was the Rus- 
sians who would get a propaganda ad- 
vantage out of a U.N. debate today, 
is the necessity of the United States to 
worry, and consequently to talk, a 
great decal about the need for inspec- 
tion, while the Russians feel free, and 
indeed are impelled, to talk a great 


‘deal about disarmament itself. The rea- 


sons for this, and for the greater ap- 
peal to other nations of the Russian ap- 
proach, were reported in some detail 
here last fall (Science, 14 Oct.). 


Russian Argument 


The Russians last fall had no trouble 
finding sympathetic listeners, even 
among people sympathetic to the U.S., 
for their argument that the Americans 
were not really interested in disarma- 
ment, that we were only interested in 
“arms control,” which, the Russians 
claimed, was just a device to open Rus- 
sia to Western inspectors without doing 
anything much about disarmament. 
For themselves, the Russians insisted 
that they were perfectly ready to talk 
inspection if the Americans would only 
begin to talk specifically about disarm- 
ing, and not just about control over 
existing arms. 

The appeal of these arguments re- 
mains, but the fact that there is a new 
American government, and one which 
has, in general, favorably impressed the 
world, made it difficult for the Rus- 
sians to make much of the propaganda 
advantage they might have in a debate. 
For there was a widespread willingness 
to accept the new Administration’s 
contention that it needed time to pre- 
pare for serious negotiations, and con- 
sequently a willingness to listen to the 
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American argument, sure to be forth- 
coming if the Russians insisted on a 
full debate, that the Russians are more 
interested in stirring up controversy 
than in really trying to accomplish 
something on disarmament. 

Thus the Russian agreement was not 
based solely on a willingness to give 
up making propaganda hay on disarm- 
ament, but partly at least on an aware- 
ness that there is not much hay to be 
made at the moment. 


Soviet Attitudes 


The American representatives at the 
latest Pugwash conference came away, 
in general, with the impression that the 
Russians were becoming more realistic 
in dealing with the problem of disarm- 
ament, but that they still had some way 
to go before really fruitful negotiations 
would be possible. 

A favorable sign among the Russians 
has been a diminishment, not entirely 
satisfactory to the Americans, but no- 
ticeable, of the tendency of the Rus- 
sians to dismiss American studies 
pointing up the pitfalls of various dis- 
armament proposals as mere nitpick- 
ing thought up by people who are 
against disarmament anyway. Less fa- 
vorable is the absence among the Rus- 
sians of the sort of indisputably realis- 
tic talk about the arms race that one 
can find, at least on occasion, among 
Americans. 

An interesting example of the way 
influential Americans can talk about 
the problems of disarmament was given 
in a telecast taped and distributed wide- 
ly by WGBH, an educational station in 
Boston. Its panel was made up of mem- 
bers of the American delegation to the 
Pugwash  (scientist-to-scientist) con- 
ference in Moscow last December, in- 
cluding Jerome Weisner, now special 
assistant to the President for Science 
and Technology, and W. W. Rostow, 
now deputy special assistant to the 
President for National Security Affairs. 

Here is Weisner’s comment on the 
Soviet concern that America might use 
arms inspection for espionage: “It (the 
concern) is real, and you can demon- 
strate this by an incident such as the 
U-2. In order to support our military 
strategy we have to have intelligence, 
and we pay a high price to get it. 
Therefore it is militarily important for 
them to keep us from getting it. There- 
fore it is not a price they are prepared 
to pay for trivial arms control or dis- 
armament measures, and I think if I 
was negotiating for the Soviets or doing 
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their military planning, I would take 
this view too.” 

This is about as clear a presentation 
as a Russian could have given of the 
sort of factor that influences the Rus- 
sians to take the position they do, and 
it is an important statement; for to rec- 
ognize the other side’s legitimate con- 
cerns is both a sign that you are. taking 
the issue seriously and have thought 
it through carefully and an assurance 
that you will recognize a concession 
when it is made. 

Unfortunately there is not much evi- 
dence yet that the Russians have 
brought themselves to see very clearly 
American interests as compelling as 
the Russian desire to protect their se- 
crecy, and until they do so there is not 
much chance of agreement being 
reached on anything significant. The 
commonest Soviet attitude is to assume 
that the American negotiators may be 
sincere, but that they are held back 
by the evil forces of the Pentagon 
and the nasty capitalists. 


Sputniks and Disarmament 


There is also another disturbing fac- 
tor, one that perhaps helps explain why 
the Russians have been slower than 
their American counterparts in really 
thinking through the problems of dis- 
armament. This is that the Russians 
do not accept the existence of noncom- 
munist nations. The serious American 
studies of disarmament have begun to 
grow into something important only in 
the past two or three years. They date, 
as do so many other recent develop- 


ments, roughly from the Russian 
launching of the first sputnik. 
This brought with it, of course, 


awareness that the age of interconti- 
nental missiles is almost upon us, and 
a consequently more horrifying pros- 
pect of what a full-scale war would be 
like. But it also brought with it accept- 
ance of the fact that Soviet power and 
technological achievement are strongly 
based and are roughly equivalent to 
our own, and consequently an aban- 
donment of any real hope that the So- 
viet threat is just going to fade away, 
or even that it can be kept reasonably 
in hand by our maintaining the kind 
of overwhelming superiority in striking 
power we have enjoyed in the past. 
Once you accept the fact that you 
are going to be in an arms race for a 
long time, and that you have no sub- 
stantial prospects of being able to 
“win” this race, you begin to think 
more seriously of where it is leading 





you not only in the foreseeable future 
of 2 or 3 years from now, but in the 
longer term future of 10 or 20 years; 
and although the view of this longer 
term future is cloudy, it is perceptible 
enough to be thoroughly disagreeable. 

It is, again, easier to recognize the 
problems in the abstract than to really 
make them a part of your planning, 
for to do so requires you to make com- 
promises on your more immediate ob- 
jectives. 

We seem to have become more and 
more realistic in our thinking about the 
arms race and disarmament as we have 
come to accept the idea that Soviet 
power is real, and that, if it is not 
permanent, it is certainly going to be 
around for a long time. Part of the 
difficulty in getting the Russians to be 
equally realistic is that they do not ac- 
cept the idea that we are going to be 
around for a long time, at least not with’ 
power on a par with their own. 


Prospects Cloudy 


This suggests that one of the im- 
portant factors that will affect dis- 
armament prospects will be the success 
of our domestic and foreign policies in 
general. For our success will decide 
how much and how quickly we can 
alter the Soviet conviction that the tide 
of events in the world is going strongly 
in their direction, which tempts them 
with the idea that they only have to 
sit tight a few more years and we will 
no longer be such a real threat to them, 
or, at the least, that they will be able to 
get us to accept settlements on dis- 
armament and other matters on their 
terms. 

The net effect of this, ameliorated 
by some other factors, made more diffi- 
cult by others, is that there is more 
optimism about the prospects for use- 
ful disarmament negotiations now than 
there has ever been before, when neither 
side was taking the subject very seri- 
ously except as a topic for propaganda 
warfare. But the outlook, nevertheless, 
can hardly be described as rosy. 

A report on the likely product of the 
current American reappraisal of dis- 
armament policy, based on the Ad- 
ministration’s actions and statements, 
will appear here next week. In general, 
what can be expected above all is 
clarity; until now it has been almost 
impossible to find anyone who really 
claimed to know just what the Ameri- 
can proposals meant and just what 
were the policy assumptions that under- 
lay the proposals.—H.M. 
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News Notes 





Cores Obtained from Beneath Deep 
Ocean Bottom for First Time 


For the first time in history, man has 
taken cores from beneath the deep 
ocean bottom, according to an an- 
nouncement by the National Academy 
of Sciences—National Research Council 
and the National Science Foundation. 
The cores were taken from under 11,- 
700 feet of water near Guadalupe Is- 
land, off the western coast of Mexico. 

Despite winds that averaged 25 miles 
per hour and 12-foot waves, the CUSS 
I drilling barge was held in position 
during the 61-hour drilling and coring 
operation. 

The cores were obtained during ex- 
perimental drilling for Project Mohole 
—a project set up to drill through the 
earth’s crust to the mantle. Mohole is 
being carried out by the AMSOC Com- 
mittee of NAS—NRC under grants from 
the National Science Foundation. The 
experimental drilling, under the direc- 
tion of Willard Bascom, is being done 
by crews from Global Marine Explora- 
tion Company of Los Angeles, which 
owns and operates the CUSS I. 

The diamond drilling bit first touched 
bottom at noon on 28 March. At 9 
P.M. the first core, 53 centimeters long, 
was taken. The hole was then deep- 
ened to 234 feet below the ocean floor, 
and a second core, 60 centimeters long, 
was obtained. Both cores are firm, 
greenish-gray clay. They have been 
put aboard the Spencer F. Baird, ocean- 
ographic vessel of the Scripps Institu- 
tion of Oceanography, University of 
California, for preliminary study. 

The success of the experimental pro- 
gram demonstrates that scientists can 
now probe deep below the ocean floor 
to gain more knowledge about life as 
it existed many millions of years before 
man, and much more precise informa- 
tion about the age, composition, and 
structure of the earth. 


U. S. and French Space Agencies 
Negotiate for Cooperative Research 


In informal technical discussions in 
Washington, 20-21 March, represen- 
tatives of the U.S. National Aeronau- 
tics and Space Administration and the 
French Comité des Recherches Spa- 
tiales affirmed their desire to cooperate 
in space science research of mutual in- 
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terest. A memorandum of understand- 
ing between the two agencies was re- 
leased. It listed the following initial 
steps. 

1) The Comité expects to make de- 
tailed proposals for experiments in 
the VLF, auroral and airglow, and bi- 
ological fields, with the expectation 
that these experiments will be pre- 
pared by the Comité and flown, as 
mutually agreed, in appropriate scien- 
tific sounding rockets by NASA. 

2) Further arrangements by the 
Comité are contemplated for the 
preparation of experiments to be in- 
corporated in satellites to be launched 
by NASA, provided favorable results 
are obtained in rocket soundings. 

3) The two organizations will ex- 
change information regarding the de- 
sign, equipment, and operation of a 
scientific sounding-rocket launching 
site. Such exchanges will inckude tech- 
nical visits. 

4) As an initial step toward mutual 
exchanges of personnel, NASA will ac- 
commodate, in its space science cen- 
ters, technicians sponsored by the 
Comité. 


What Is the Rate of Return on 
Investment in Education? 


How much additional income does 
money spent on a college education 
yield? This fundamental question will 
be explored by the National Bureau 
of Economic Research with the aid 
of a $75,000 grant from the Carnegie 
Corporation of New York. In the next 
2 years the National Bureau will try 
to find out exactly how much all stu- 
dents, parents, alumni, corporations, 
foundations, governments (local, state, 
and federal), and others have spent on 
education—elementary, secondary, col- 
lege, and on-the-job training—and how 
to calculate the rate of return on these 
investments in education. 

From this and other information, 
Gary S. Becker, professor of economics 
at Columbia University and a member 
of the National Bureau’s research 
staff, will attempt to determine what 
education contributes to a nation’s 
economic growth. His conclusions are 
expected to be of particular value to 
new nations which face the problem of 
deciding whether to invest their lim- 
ited funds in education or in industrial- 
ization. 

In another phase, important to all 
nations, the study will investigate the 


factors that influence college students 
in choosing a field of study and ways in 
which college courses govern their 
choice of occupation. Do students 
gravitate toward fields offering the 
highest earnings, the greatest oppor- 
tunities for advancement, or the best 
opportunities for service? 


News Briefs 


Population of India. The population 
of India has been officially estimated 
at 438 million, according to a census 
completed in February. This represents 
an increase of about 21.5 percent in 
the last 10 years, a rise that is consid- 
erably above the most liberal of earlier 
estimates. By comparison, the popu- 
lation increase from 1941 to 1951 was 
13.34 percent. 

ca te * 

Chartered plane to Europe. A group 
of AAAS members in the Boston area 
who are delegates to the International 
Pharmacology Congress in Stockholm 
and the International Chemotherapy 
Meeting in Naples, to be held next 
summer, plan to charter a plane for 
the round trip. The flight from Boston 
to Frankfurt will be on 17 August, and 
that from Paris to Boston, on 20 Sep- 
tember. 

There may be room on the plane for 
other conference delegates. Those in- 
terested in participating in the coopera- 
tive travel plan should communicate 
with Dr. Thomas C. Hall, Oncology 
Division, Medical Services, Lemuel 
Shattuck Hospital, 170 Morton St., 
Boston 30, Mass. 

oe ok mK 

Edison awards. At the Sixth Na- 
tional Mass Media Awards Dinner of 
the Thomas Alva Edison Foundation, 
held recently in New York, the follow- 
ing awards were among those pre- 
sented. 

Best science television program for 
youth. “Expedition!”; accepted by 
Henry litt, president, American 
Broadcasting Company Films. 

Special citation in recognition of 
brilliant leadership in the conception 
of the radio and television science 
series. “The Nature of Things” and 
“Science Review,” to the Canadian 
Broadcasting Corporation; accepted by 
Keith Morrow, director of Radio and 
Television English Networks, Canadian 
Broadcasting Corporation. 

Best children’s science book. Ani- 
mal Clocks And Compasses; accepted 
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by Margaret Hyde, author, and by Ed- 
ward Booher, president, McGraw-Hill 
Book Company. 

Best science book for youth. Satur- 
day Science, by scientists of the West- 
inghouse Research Laboratories; ac- 
cepted by Andrew Bluemle, editor, 
and Elliott B. MacRae, president, 
E. P. Dutton and Company. 


Careers in science. A revised edi- 
tion of Careers in Science, a selected 
bibliography for high school students, 
has been prepared by the AAAS Sci- 
ence Library Program. Compiled by 
program director Hilary J. Deason and 
William B. Blacklow, bibliographic as- 
sistant, the pamphlet lists 21 pages of 
publications helpful to high school stu- 
dents who plan to continue their ed- 
ucation in a university or college, and 
more specifically, to those who are 
considering careers in the pure or ap- 
plied sciences (including mathemat- 
ics). The pamphlet, which costs 15 
cents, may be obtained from the AAAS 
Science Library Program, 1515 Massa- 
chusetts Ave., NW, Washington 5, D.C. 

International cooperation. Surgeon 
General Luther L. Terry has announced 
the first Public Health Service grants 
to U.S. universities to establish inter- 
national centers for medical research 
in cooperation with foreign medical in- 
stitutions. The grants were made to 
the University of California, Tulane 
University, Johns Hopkins University, 
and the University of Maryland. The 
awards are authorized by Public Law 
86-610, which seeks to “‘advance in- 
ternational status of the health sciences 
through cooperative enterprises.” Five 
million dollars was provided by Con- 
gress to launch the program. 


Science in Antarctica. A comprehen- 
sive technical survey of geophysical, 
biological, and medical research in 
Antarctica has been prepared by the 
Committee on Polar Research of the 
National Academy of Sciences. In his 
foreword to the report, Laurence M. 
Gould, chairman of the committee and 
president of Carleton College, states 
that the purposes of the report are (i) 
to outline promising areas of scientific 
research in the Antarctic, (ii) to indi- 
cate the value and interest of antarctic 
studies to scientists throughout the na- 
tion, and (iii) to suggest the general 
importance of the United States ant- 
arctic research program as a national 
effort. 

The work has been published in two 
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parts: part 1, The Life Sciences in 
Antarctica, and part 2, The Physical 
Sciences in Antarctica. A limited num- 
ber of copies are available from the 
National Academy of Sciences, 2101 
Constitution Ave., NW, Washington 25, 
D.C. ($1.50 for each part). 
ue * % 

Suicide rate. About 18,000 persons 
die by their own hand in the United 
States each year, according to the 
Metropolitan Life Insurance Company. 
This is at least twice the number of 
homicides and about 12 times the 
number of people killed in aircraft 
accidents of all kinds. Suicide ranks 
11th among the causes of death; among 
white males, who account for about 
three-fourths of all suicides in the 
United States, it ranks eighth. 

The relative frequency of suicide is 
appreciably higher in the United States 
than in Canada; the rates in 1958 were 
10.7 and 7.5 per 100,000, respectively. 
The U.S. rate is several times that of 
Jreland, Greece, or a number of Latin 
American countries On the other hand, 
our suicide rate is only half that re- 
corded for Austria, Hungary, West 
Germany, or Japan. 


Radioisotopes in industry. The 
Atomic Energy Commission has avail- 
able for loan or for sale a new, 57- 
minute color motion picture, Jndustrial 
Applications of Radioisotopes. The 
16-mm semitechnical film is a survey 
of the current uses of radioisotopes in 
American industry. It can be used for 
television projection, and is available 
from the commission’s domestic and 
overseas film libraries. 


Grants, Fellowships, and Awards 


Crippling diseases. To make it pos- 
sible for distinguished university pro- 
fessors to continue research activities 
after arbitrary retirement age, the 
Easter Seal Research Foundation of the 


National Society for Crippled Children . 


and Adults, Inc., has announced crea- 
tion of new awards to be known as 
Distinguished Service Awards for Pro- 
fessors Emeriti. 

First recipient of one of the awards 
is the noted obstetrician Nicholson J. 
Eastman of Johns Hopkins University, 
who for 2 years will continue his study 
of the obstetrical background of cere- 
bral palsy under an Easter Seal grant. 

The new program is open only to 
retired full professors who devote sub- 
stantial time to research and who will 





have a continuing opportunity for re- 
search in a university or other major 
facility. Individuals in nonmedical fields 
related to rehabilitation of the crippled 
are also eligible for consideration. Fur- 
ther information may be obtained from 
the society’s headquarters, 2023 W. 
Ogden Ave., Chicago 12, Ill. 

North American fauna. The Amer- 
ican Museum of Natural History has 
announced the establishment of the 
Theodore Roosevelt Memorial Fund to 
“help provide the necessary means of 
encouraging studies on the North 
American fauna to which Theodore 
Roosevelt, 26th President of the United 
States, devoted so much of his time 
and energy.” Grants will be made to 
individuals conducting research in any 
phase of wildlife conservation or in re- 
lated fields of North American natural 
history included in the activities of the 
American Museum. 

Preferably, grants will be made to 
younger scientists, particularly to grad- 
uate students. Applications for grants 
for the current calendar year should be 
sent by J May to: Director, American 
Museum of Natural History, Central 
Park West at 79th St., New York 24, 
INGY: 


Scientists in the News 


The Atomic Energy Commission has 
announced that five United States sci- 
entists have been selected to receive the 
Ernest Orlando Lawrence Memorial 
Award for 1961. The $5000 awards 
will be presented on 28 April at AEC 
Headquarters in Germantown, Md., to 
the following men. 

Leo Brewer, Lawrence Radiation 
Laboratory, University of California, 
Berkeley, for “singular contributions 
and leadership in the development of 
high temperature chemistry which have 
permitted major advances in reactor 
development.” 

Henry Hurwitz, Jr., General Electric 
Company Research Laboratory, Sche- 
nectady, N.Y., for “important contri- 
butions requiring unusual analytical 
skill and physical insight to the theory 
and design of nuclear reactors.” 

Conrad L. Longmire, Los Alamos 
Scientific Laboratory, Los Alamos, 
N.M., for “continued and original the- 
oretical contributions, requiring un- 
usual physical insight, to the develop- 
ment of nuclear weapons and the prog- 
ress of plasma physics.” 

Wolfgang K. H. Panofsky, High 
Energy Physics Laboratory, Stanford 
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University, Palo Alto, Calif., for “out- 
standing contributions to nuclear phys- 
ics and to the international control of 
nuclear testing.” 

Kenneth E. Wilzbach, Argonne Na- 
tional Laboratory, Argonne, Ill., for 
his “development of methods of tri- 
tium labelling of biologically important 
compounds which have permitted ma- 
jor advances in biology and medicine.” 

The commission is making the awards 
upon the recommendation of its Gen- 
eral Advisory Committee and with the 
approval of the President. Assisting the 
Committee in the preliminary screen- 
ings of the nominations were the AEC 
Advisory Committee for Biology and 
Medicine and four panels of distin- 
guished scientists and engineers in the 
fields of physics, chemistry and metal- 
lurgy, weapons, and reactors. 


Ernst Mayr, Alexander Agassiz pro- 
fessor at Harvard University’s Museum 
of Comparative Zoology, will succeed 
Alfred S. Romer as director of the mu- 
seum on 1 July. Romer, who leaves 
the directorship after 15 years in the 
post, will continue to teach and to do 
research at Harvard. 


George Cunningham, Sir William 
Collins professor of pathology at the 
Royal College of Surgeons, London, is 
spending the month of April as visiting 
professor of pathology at the State Uni- 
versity of New York Downstate Med- 
ical Center in Brooklyn. He is particu- 
larly interested in the problem of lung 
cancer and is expected to lecture on 
this subject during his stay at the Med- 
ical Center. 





7 APRIL 1961 


Luther L. Terry has been sworn in 
for a 4-year tertn as Surgeon General 
of the U.S. Public Health Service. Ter- 
ry, whose appointment by President 
Kennedy was confirmed by the Senate 
last month, succeeds Leroy E. Burney, 
who resigned on 30 January. 


The Silliman Memorial Lectures for 
1961 at Yale University will be given 
by René J. Dubos of the Rockefeller 
Institute. The series, entitled “Medical 
Future of Human Populations,” will be 
given at 5 P.M. on four successive days, 
17-20 April. 


The American Heart Association has 
named Earl H. Wood of Rochester, 
Minn., to the lifetime post of career in- 
vestigator. Wood is professor of physi- 
ology at the Mayo Foundation, Univer- 
sity of Minnesota Graduate School, and 
consultant in physiology to the. Mayo 
Clinic. His appointment is the tenth in 
the career investigatorship category, 
which was established by the Heart 
Association 10 years ago. 


Jesse L. Greenstein, of the California 
Institute of Technology, will discuss 
“Stellar Evolution and the Origin of 
the Chemical Elements” as a Sigma Xi 
national lecturer at a number of col- 
leges during April and May. 


The American Society of Zoologists 
has announced that the following cor- 
responding members have been elected 
by the executive committee: B. L. As- 
taurov, Moscow, U.S.S.R.; F. Baltzer, 
Bern, Switzerland; Louis Gallien, Paris, 
France; Giuseppe Montalenti, Naples, 
Italy; C. F. A. Pantin, Cambridge, Eng- 
land; B. Rensch, Miinster, Germany; 
Paulo Sawaya, Sao Paulo, Brazil; Gun- 
nar Thorson, Helsingér, Denmark; Ni- 
kolaas Tindergen, Oxford, England; 
and Tohru Uchida, Sapporo, Japan. 


Cecil W. Mann, professor of psy- 
chology at Tulane University, will re- 
tire on 31 May. As of 1 September, he 
will be professor of psychology at West- 
ern Carolina College at Cullowhee, 
N.C., where he also expects to teach 
in the summer session. 


J. Rubin, chairman of the depart- 
ment of soils and water, Israel National 
and University Institute of Agriculture, 
Rehovot, and associate professor at 
Israel Institute of Technology, is now 
on leave in the United States. He will 
be at the University of California, 
Berkeley, until June. 


Recent Deaths 


Harry L. Fisher, Claremont, Calif.; 
76; an authority on rubber chemistry 
and technology, who for 4 years before 
his retirement in 1957 directed research 
at the Rubber Technology Foundation 
of the University of Southern Califor- 
nia; in 1954, was president of the Amer- 
ican Chemical Society; held 56 patents; 
taught at Columbia University, from 
1912 to 1919; was a research chemist 
for the Goodrich Rubber Company for 
7 years, and for the U.S. Rubber Com- 
pany for 10 years; 9 Mar. 

Norman Gilbert, Winter Park, Fla.; 
86; emeritus professor of physics at 
Dartmouth College, where he taught for 
42 years, beginning in 1903; visiting 
professor of physics at Rollins College 
until 1952; wrote two popular text- 
books on physics; 21 Mar. 

John F. Hennion, Piermont, N.Y.; 
Columbia University specialist in ma- 
rine seismic refraction and reflection; 
was chief research scientist aboard the 
university’s research ship Vema, now 
on an expedition off the west coast of 
South America; 17 Mar. 

Isfred I. Hofbauer, Cincinnati, Ohio; 
89; a leader in modern gynecology and 
obstetrics, who was one of the first to 
use hormones to avoid some dangers 
of childbirth (the Hofbauer cells in the 
placenta are named for him); conducted 
extensive research in endocrinology; 
was associate professor of obstetrics at 
Johns Hopkins University before ac- 
cepting appointment, in 1933, as asso- 
ciate professor of obstetrics at the Uni- 
versity of Cincinnati; 13 Mar. 

Henry N. Kenwell, Buffalo, N.Y.; 
60; chief surgeon at Millard Fillmore 
Hospital, Buffalo, and associate pro- 
fessor of surgery at the University of 
Buffalo Medical School; 13 Mar. 

Esper S. Larsen, Jr., Washington, 
D.C.; 81; for 25 years taught mineral- 
ogy and petrography at Harvard Uni- 
versity, retiring as professor in 1949; 
geologist with the U.S. Geological Sur- 
vey from 1918 to 1923 and (upon his 
retirement from Harvard) from 1949 
to 1958; a member of the National 
Academy of Sciences and recipient of 
many honors in geology; 7 Mar. 

Max Mason, Claremont, Calif.; 83; 
mathematical physicist and a former 
president of the University of Chicago 
and of the Rockefeller Foundation; had 
taught at Massachusetts Institute of 
Technology, Yale University, the Uni- 
versity of Wisconsin, California Insti- 
tute of Technology, and Claremont 
Men’s College; 23 Mar. 
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Book Reviews 


Television in the Lives of Our Children. 
Wilbur Schramm, Jack Lyle, and Ed- 
win B. Parker. Stanford University 
Press, Stanford, Calif., 1961. vii + 
324 pp. Illus. $6. 

The Impact of Educational Television. 
Wilbur Schramm, Ed. University of 
Illinois Press, Urbana, 1960. 247 pp. 
$5. 


Television in the Lives of Our Chil- 
dren is the first comprehensive research 
report on the social and psychological 
impact of commercial television on 
American children. It closely parallels 
in research design and conclusions the 
British study prepared by Himmelweit, 
Oppenheim, and Vince, Television and 
the Child. 

The senior author, Wilbur Schramm, 
is a professor of communications re- 
search at Stanford University, a pro- 
fessional writer with a great variety 
of experience, and a person committed 
to the concept of self-regulation of the 
mass media by the present owners and 
managers. He is not only interested in 
analyzing the consequences of the mass 
media, but also in pointing the direc- 
tion for social policy. Because he is 
sympathetic to the present organization 
of the mass media and is not a rabid 
critic of “mass culture,” his findings 
and recommendations stand as the most 
sober and critical evaluation of tele- 
vision yet produced. Despite his bal- 
anced language, Schramm implicitly and 
explicitly calls for major modifications 
in television programming for children. 

The basic design of the research in- 
volved the administration of question- 
naires and interviews to a variety of 
samples of children, including some 
drawn from two Canadian towns, one 
of which had not been exposed to tele- 
vision. The frame of reference is 
broader than the stimulus-response 
model that dominates much communi- 
cations research, in that the authors are 
fully aware of the audience’s active role 
in selecting and using television for its 
needs. Unfortunately, the authors do 


1066 


not investigate how the decisions on pro- 
gramming are made, or why the direc- 
tors of television conclude that only a 
diet of overwhelming violence and 
crime is appropriate for American chil- 
dren. 

Schramm and his associates describe, 
with scientific precision, this overwhelm- 
ing concern with crime and violence 
in the programs produced for children. 
They document the oceanic quality of 
television in the daily lives of children, 
nine out of ten of whom expose them- 
selves to the medium by the time they 
reach the first grade. By the time they 
reach the sixth or seventh grade, chil- 
dren spend three to four hours a day 
watching TV; this begins to fall off 
slowly throughout high school. Tele- 
vision dominates the leisure time activi- 
ties of its audiences. It cuts into movie 
attendance, radio listening, and reading. 
It reduces time for play. 


Children’s Reactions 


Television has high prestige among 
children. Exposure to commercial tele- 
vision seems initially to increase the 
vocabularies of the brightest and the 
slowest children; however, these ad- 
vantages decline as the child progresses 
through school. The bright child who 
was a heavy user of television will score 
less well on knowledge tests and will 
do less well in school than a light user. 
In their teens, the bright children con- 
sidered television less important and 
less necessary to prestige than chil- 


dren who were not so bright. In short,. 


intelligence and motivation can and 
do conquer the TV medium. In fact, as 
the child grows older, he uses printed 
media for reality experiences and seri- 
ous learning. 

The authors try hard to affirm that 
television broadens horizons, but in the 
end the best that they can say is “we 
do not say that television does not or 
can not stimulate a child to broader 
horizons; merely that it seems not to 
do those things in any greater degree 
than takes place in the absence of tele- 





vision.” It may increase their knowledge 
of popular singers but not especially 
their knowledge of topics closely re- 
lated to public affairs or their knowl- 
edge of subjects chiefly learned in 
school—for example, science. 

The authors make much of what they 
see as a sharp difference between “fan- 
tasy” and “reality” experiences devel- 
oped by exposure to television. But fan- 
tasy and reality reactions are more inter- 
woven than they assume. The develop- 
ment of a sense of reality depends on 
certain types of fantasy experiences 
which are difficult to identify. Never- 
theless, their findings in this area are 
worth while, for they confirm other 
studies showing that children who have 
unsatisfactory relations with their fam- 
ily or peer groups tend to retreat into 
television. It is refreshing, however, that 
Schramm and his associates do not 
therefore claim that television is a pas- 
sive agent in this process but rather go 
on to demonstrate how television in 
turn contributes to the reinforcement 
of undesirable fantasy and heightened 
antisocial aggression. This relationship 
between unsatisfactory social relations, 
exposure to mass media, and, in turn, 
increased aggression, is sharper among 
middle-class than among lower-class 
children. Children are mainly frightened 
when harm involves cutting, stepping in 
a trap, or some nonritual violence. They 
are frightened, particularly, when they 
view such programs in dark rooms or 
alone. 

Exposure to commercial television is 
not seen as an advantage or as a barrier 
to success in school. Nevertheless, it 
does in some cases contribute to pas- 
sivity in children, although long-term 
studies will be required to determine 
the lasting effect. “But the best way to 
avoid excessive passivity in our children 
is not to give them television as a 
mother-substitute in early life; rather 
to make them feel loved and wanted at 
home and, so far as possible, to sur- 
round them with friends and activities.” 
The authors answer the complex ques- 
tion of the link between television’s em- 
phasis on violence and delinquency with 
“television is at best a contributory 
cause.” But as a contributory cause, 
they do not deny its relevance. 


Educational Television 


The Impact of Educational Television 
is a collection of research studies deal- 
ing with educational television broad- 
casting. The effort was sponsored by the 
National Education, Television and Ra- 
dio Center, which made 50 research 
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grants-in-aid for educational research 
during the period 1956-59. In a chapter 
entitled “A decade of teaching by tele- 
vision,” Hideya Kumata summarizes the 
available data on the use of TV in class- 
room situations. The basic finding, de- 
rived from almost 300 comparisons, is 
that there is no significant difference, in 
the overwhelming number of observa- 
tions, in the amount of immediate in- 
formation gained when students taught 
by television are compared with stu- 
dents taught under face-to-face condi- 
tions. Moreover, the same result holds 
true for the retention of subject matter. 
Superiority of television is reported 
more often in voluntary audience situa- 
tions than in captive audience situa- 
tions. Thus the differences are in moti- 
vations among audiences rather than in 
the fact of transmission. 

Superiority of television is reported 
more often in the lower than in the 
higher educational levels, presumably 
because of the greater suggestibility of 
children. Attitudes toward television 
and toward the subject matter are of 
prime importance, for students learn 
less when they have a negative attitude 
toward TV, and the negative attitude 
increases with age and educational 
level. Moreover, measuring the intangi- 
bles of education—those aspects beyond 
mere assimilation of information—has 
not been adequately studied. Thus, 
there is now at hand an impressive 
body of data indicating that classroom 
television is no magical resource. 

When radio was first developed, there 
were great hopes for its potential as 
an educational device. Radio never 
achieved a level commensurate with 
these hopes, but after a long rather 
dormant period, university radio has 
found an active role in the educational 
division of labor. The initial aspirations 
for television were even greater, and 
pressure for the success of television far 
exceeds that involved in the history of 
radio. The Ford Foundation has become 
a major pump primer in television; in 
universities and to a much greater ex- 
tent in high schools and public school 
systems, extensive resources are being 
allocated. There is every reason to be- 
lieve that television will have greater 
success as an educational medium than 
radio. In the decade ahead, given the 
tremendous expansion of-public school 
enrollment and the great pressure on 
schools to expand their custodial and 
recreational functions, television will 
become an indispensable resource. But 
these research observations clearly in- 
dicate that television will find its role 
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in the educational system not because 
of its over-all pedagogical superiority 
but because of the great pressures for 
economic savings which face the school 
system. When TV is used as a resource 
—as chalk, the blackboard, maps, and 
the field trip are used—it can apparently 
serve to augment teaching facilities. But 
the great danger lies in the possibility 
that the United States will develop a 
two-track system, in one segment of 
which television is used heavily as a 
mass recreational device. 

Much less is known about the impact 
of educational television from the spe- 
cial stations that transmit to the gen- 
eral public. In the suggestive essay by 
Ken Geiger and Robert Sokol, “Edu- 
cational television in Boston,” it appears 
that there are two rather distinct audi- 
ences for educational broadcasts. One 
is a small group of college-trained and 
college-oriented people who consume 
educational programs as they would any 
other form of adult education. For a 
larger group of much lower educational 
background and, by implication, of 
blocked social mobility, the educational 
programs are transformed into a kind 
of entertainment or popular culture. 
Thus, the informal network of educa- 
tional television stations broadcasting to 
the public at large may become, in ef- 
fect, a competitor of the national com- 
mercial systems and offer a form of 
popular culture more compatible with 
fundamental American values than that 
currently presented by commercial sta- 
tions. 


Social and Psychological Consequences 


While Schramm’s research does not 
conclude that television is ruining or 
debasing our society, it is now impos- 
sible for the managers of commercial 
television to deny the social and psy- 
chological consequences of their me- 
dium. The further growth of educa- 
tional television will be only a partial 
solution to the questions concerning 
“television and our children” raised by 
this study. Commercial television, be- 
cause it fills so great a part in the 
lives of youngsters, will have to find its 
own formula. Competition between net- 
works can hardly supply the basis, for 
such competition, in the struggle to 
reach the largest audience, more often 
debases content. Instead, self-regulation, 
standards set by the Federal Communi- 
cations Commission, and active involve- 
ment by educational, parental, and civic 
associations become the instruments of 
social change. One has only to observe 
the experiments of the Canadian Broad- 





casting Corporation: limited funds and 
less pressure have produced a simpler 
but more satisfactory programming pol- 
icy for children. 

Schramm’s research is also relevant 
for the development of educational tele- 
vision. If national policy continues to 
stimulate the growth of educational tele- 
vision stations, the result will be an im- 
portant alternative to commercial tele- 
vision for the general public. Already 
there is evidence that commercial tele- 
vision is increasing its output of docu- 
mentary and public service programs. 
Thus, competition of this kind will in- 
crease standards, if the educational sta- 
tions are guaranteed an economic base 
of operation independent of the size 
of their audience. But the future of edu- 
cational television depends on classroom 
use. The research completed to date 
is only the first step, in that exaggerated 
claims have been cut down to size. The 
next step is to study the consequences 
of educational television on the school 
systems, not merely on the individual 
student. What is the impact of television 
on the teacher? What new skills and 
techniques are required to integrate this 
teaching device into the school system? 
Does the faculty lose control of cur- 
riculum when elaborate television pro- 
ductions are introduced? Such questions 
become crucial if the potentialities of 
classroom television are to be realized 
without destroying the autonomy of the 
teacher. 

Morris JANOWITZ 
Department of Sociology, 
University of Michigan 


Plant Physiology. A treatise. vol. 1A, 
Cellular Organization and Respira- 
tion. vol. 1B, Photosynthesis and 
Chemosynthesis. F. C. Steward, Ed. 
Academic Press, New York, 1960. 
vol. 1A, xxvii + 331 pp., illus., $13; 
vol. 1B, xvii + 348 pp., illus., $12. 


These volumes follow volume 2 in 
an intended series of six volumes. Vol- 
ume 1A has three articles treating cel- 
lular organization and respiration; vol- 
ume 1B treats photosynthesis and 
chemosynthesis in single articles. Two 
of the five articles deal chiefly with 
higher plants: these are “The Plant cell 
and its inclusions” by R. Brown (in 
vol. 1A) and “Energy storage: photo- 
synthesis” by Hans Gaffron (in vol. 1B). 
The first of these is a reasonable treat- 
ment in the 126 pages allowed, but it 
is poorly illustrated for a subject chiefly 
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concerned with the appearances of 
structures. The Gaffron article on pho- 
tosynthesis (272 pages) is thoughtful 
and very thorough; it well summarizes 
the rapidly advancing subject as of 
1958. An advantage of a limited treatise 
on photosynthesis is that the myriad 
of early and less pertinent observations 
cannot be included. 

The other three articles — namely, 
“Proteins, enzymes, and the mechanism 
of enzyme action” (74 pages) by Birgit 
Vennesland (in vol. 1A); “Cellular 
respiration” (105 pages) by D. R. 
Goddard and W. D. Bonner (in vol. 
1A) and “Chemosynthesis: the energy 
relations of chemoautotrophic organ- 
isms” (40 pages) by M. Gibbs and J. 
A. Schiff (in vol. 1B)—are needed in 
a general treatise on plant physiology. 
Their essential content is drawn from 
the wider aspects of biochemistry and 
is very condensed. The article by Birgit 
Vennesland is interesting to read and is 
a reasonable integration of the action 
of enzymes in groups rather than sep- 
arately. In a preamble the editor com- 
ments that understanding energy stor- 
age requires consideration of chemo- 
synthesis as well as photosynthesis, 
which accounts for the article on 
chemosynthesis. Oxidation and reduc- 
tion and electron transport through 
cytochrome systems are particularly 
well treated by Goddard and Bonner. 
Their discussion of pathways of fer- 
mentation suffers from terseness, as is 
so apt to be the case for this subject. 

A general treatise might be assessed 
on the basis of its organization of the 
content of the subject, the selection of 
authors and their thoroughness and en- 
thusiasm, the inclusion of the most re- 
cent material as well as classical as- 
pects, and on being sufficiently vital to 
arouse interest. This series fully meets 
these criteria. 

S. B. HENDRICKS 
Mineral Nutrition Laboratory, 
U.S. Agricultural Research Service 


Biology and Comparative Physiology 
of Birds. vol. 1. Alexander J. Mar- 
shall, Ed. Academic Press, New 
York, 1960. 518 pp. Illus. $14. 


Birds have been used as research 
material by so many biologists and in 
so many kinds of investigations that the 
resulting literature has become volumi- 
nous and scattered to such a degree 
that it is a major task for any investi- 
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gator to acquaint himself with the 
available data. Any attempt to bring 
together a critical, coordinated, modern 
synthesis of large segments of these 
fields of study is therefore apt to be 
welcomed by the harassed zoologist. 
Indeed, Marshall first decided to under- 
take the preparation of this work be- 
cause he himself was acutely aware of 
the time and trouble involved in gather- 
ing the information needed for his own 
researches. Once embarked upon this 
comprehensive survey, he found it nec- 
essary to enlist the help of some 23 
highly competent colleagues in Eng- 
land, on the continent, and in the 
United States, Canada, and Australia. 
Of the 23, 13 have contributed chap- 
ters to this first. volume (volume 2 is 
scheduled for publication shortly): 
“The origin of birds’ by W. E. Swin- 
ton; “Adaptive radiation in birds” and 
“Classification” by R. W. Storer; “Geo- 
graphical distribution” by D. L. Ser- 
venty; “Development” by R. Bellairs; 
“The integumentary system” by M. E. 
Rawles; “Skeleton” by A. d’A. Bellairs 
and C. R. Jenkin; “Musculature” by 
A. J. Berger; “Blood-vascular system” 
by J. R. Simons; “Respiratory system” 
by G. W. Salt and E. Zeuthen; “Diges- 
tive system” by D. S. Farner; and “Ex- 
cretion” by I. Sperber. 

Each chapter begins with a carefully 
worded introduction, which quickly 
and easily orients the reader to the 
viewpoints and guiding thoughts under- 
lying the presentation. After this comes 
a series of subheads (the number varies 
in the different chapters from a mini- 
mum of 3 to a maximum of 18) and 
finally a useful and well-selected list of 
literature references. It is somewhat 
invidious to single out special chapters 
for mention, but just as an example 
of the convenient subdivisions in which 
the factual matter is presented and dis- 
cussed, we may take the following two. 
In the chapter devoted to adaptive 
radiation, the breakdown is as follows: 
introduction; problems in size, the sur- 
face-volume ratio; locomotor adapta- 
tions; feeding adaptations; adaptive 
radiation within families of birds; the 
history of adaptive radiation; refer- 
ences. The chapter on respiration in- 
cludes: introduction; anatomy; venti- 
lation of the respiratory tract while 
standing; the regulation of respiratory 
movements; heat regulation by the 
respiratory system; respiration during 
specialized activities; references. 

The chapters vary in the amount of 
detailed information presented, but all 





seem to be not only adequate but de- 
cidedly useful and reliable digests and 
guides. 

The book is designed not only for 
ornithologists but also for general biol- 
ogists who may want information about 
a given topic in avian biology. It can 
be recommended heartily to both 
groups as a reference work and for 
browsing. Two indexes, subject and 
author, complete this notable volume 
and make readily available the vast 
number of topics surveyed in it. 

HERBERT FRIEDMANN 
U.S. National Museum, 
Smithsonian Institution 


British Cup Fungi and Their Allies. An 
introduction to the Ascomycetes. R. 
W. G. Dennis. Published for the Ray 


Society by Quaritch, London, 1960. 


xxiv + 280 pp. Illus. + plates. 80s. 


The author has brought together, in 
excellent fashion, an account of the 
Ascomycetes of England, of which the 
cup fungi form an important part. The 
book is issued as Number 143 of the 
Ray Society series (a series of impres- 
sive scientific books in many fields pub- 
lished since 1844. A similar work on 
the Ascomycetes of North America has 
never been published. 

An introductory chapter covers ef- 
fectively such topics as fungi in general, 
structure and classification of the 
Ascomycetes, taxonomy and nomencla- 
ture, and techniques recommended for 
those who wish to collect and study 
these interesting organisms. The body 
of the text presents concise, accurate 
descriptions of each order, family, and 
genus involved, with effective keys for 
their ready separation. Species are not 
keyed, but they are carefully, though 
briefly, described with emphasis neces- 
sarily on microscopic characters. 

The outstanding feature of the book 
is to be found in the illustrations, which 
are from the collections of the Royal 
Botanic Gardens at Kew. Nearly 500 
species are depicted in the 40 colored 
plates and more than 150 others in 
black-and-white plates. Even though it 
is restricted geographically, this book 
will be very useful to all who are con- 
cerned with the Ascomycetes, for a 
great many of the species included are 
of world-wide distribution. 

JOHN A. STEVENSON 
4113 Emery Place, NW, 
Washington, D.C. 
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Stationary Processes and Prediction 












Theory. Harry Furstenberg. Prince- 
ton University Press, Princeton, N.J., 
1960. x + 283 pp. $5. 


There are several books which discuss 
the topic of this title and give salient 
analytical results dealing mainly with 
linear prediction. In this volume Fur- 
stenberg treats the concept of pre- 
dictability—that is, what sequences are 
predictable in a specified sense—with- 
out limiting himself to the linearity 
assumption. Because of the general 
nature of the discussion, the results are 
mainly theoretical, and practical com- 
putational methods are mentioned only 
in passing. This book is strictly for the 
pure mathematician, and it will be diffi- 
cult reading for all but a very few. 

GEORGE WEISS 
University of Maryland 


Polythene. The technology and uses of 
ethylene polymers. A. Renfrew and 
Phillip Morgan, Eds. Iliffe, London; 
Interscience, New York, ed. 2, 1960. 
xxi + 781 pp. Plates. $25.75. 


Man’s scientific and technical knowl- 
edge of ethylene polymers and copoly- 
mers is presented here in a well-organ- 
ized and well-written manner. The 
topics considered range from the theory 
and kinetics of ethylene polymerization 
through the chemical engineering as- 
pects of manufacture, structure, prop- 
erties, testing, specifications, processing 
techniques, and formulation to areas of 
specific application. The full gamut of 
ethylene polymers with respect to mo- 
lecular weight, melt index, and density 
is treated. It is a monumental and ex- 
tremely valuable treatise. The editors 
have done a particularly commendable 
job in maintaining a high degree of 
uniformity in style and readability. 

Some topics are not treated in detail 
or as thoroughly as might be expected 
from the general quality of the book. 
For instance, the treatments of the tear, 
puncture, impact, and clarity properties 
of film and sheeting and of the bursting 
strength and working stresses of pipe 
are relatively incomplete and thus are 
apt to be misleading. The material on 
processing equipment is mainly con- 
cerned with British machinery, although 
the text is in general written around the 
principles concerned; thus American, 
German, Italian, and other foreign 
counterparts can be identified by ex- 
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perts in this phase of plastics engineer- 
ing. 

The editors emphasized the basic sci- 
entific aspects of ethylene polymers; 
this is fully justified because the tech- 
nological aspects are based on the prin- 
ciples. It is this area that is given the 
most thorough treatment. The plastics 
engineering aspects embodied in the 
chapters on processing techniques are 
second in thoroughness of treatment, 
although a few of the topics are not 
developed as thoroughly as they might 
be. The majority of the topics covering 
applications could be treated more ex- 
tensively, but in most cases, this would 
not be warranted. In general, the edi- 
tors have arrived at a reasonable bal- 
ance in the amount of space devoted to 
the four areas: basic science, chemical 
engineering, plastics engineering, and 
technology. 

I did not note any factual errors. 
However, some chapters in the sections 
on techniques and applications do not 
have literature references. It is difficult 
to feel confident that a topic has been 
considered adequately when no litera- 
ture citations are provided. To the schol- 
arly reader this must be exasperating. 

FRANK W. REINHART 
Plastics Section, 
National Bureau of Standards 


New Books 


Mathematics, Physical Sciences, 
and Engineering 


Adaptive Control Processes: A Guided 
Tour. Richard Bellman. Princeton Univ. 


Press, Princeton, N.J., 1961. 271 pp. 
$6.50. 

Advances in Polarography. vols. 1-3. 
Ian S. Longmuir, Ed. Pergamon, New 


York, 1960. 1235 pp. Illus. $45. Proceed- 
ings of the second international congress, 
1959. 

Aerosols: Science and Technology. H. 
R. Shepherd, Ed. Interscience, New York, 
1961. 562 pp. Illus. $22.50. 

Applied Statistical Decision Theory. 
Howard Raiffa and Robert Schlaifer. 
Graduate School of Business Administra- 
tion, Harvard Univ., Boston, Mass., 1961. 
374 pp. $9.50. 

Applied Thermodynamics. Stanley. H. 
Bransom. Van Nostrand, Princeton, N.J., 
1961. 237 pp. Illus. $6. 

Avionics Research: Satellites and Prob- 
lems of Long Range Detection and Track- 
ing. E. V. D. Glazier, E. Rechtin, and J. 
Voge, Eds. Pergamon, New York, 1960. 
267 pp. Papers presented at the AGARD 
Avionics Panel Meeting, held at Copen- 
hagen in October 1958. 

Boolean Algebra and Its Applications. 
J. Eldon Whitesitt. Addison-Weseley, 
Reading, Mass., 1961. 192 pp. Illus. $6.75. 





The Chemistry of the Terpenes. A. R. 
Pinder. Wiley, New York, 1960. 230 pp. 
$8.25. 

Complex Variables and the Laplace 
Transform for Engineers. Wilbur R. Le- 
Page. McGraw-Hill, New York, 1961. 
492 pp. Illus. $12.50. 

The Continuous Casting of Steel in 
Commercial Use. K. P. Korotkov, H. P. 
Mayorov, A. A. Skvortsov, and A. D. 
Akimenko. Translated from the Russian 
by V. Alford. H. T. Profheroe, Ed. Per- 
gainon, New York, 1960. 181 pp. Illus. 
$8.50. 

Cumulus Dynamics. Charles E. Ander- 
son, Ed. Permagon, New York, 1960. 220 
pp. $12. Proceedings of the first confer- 
ence on cumulus convection, held in 
May 1959. 

Dictionary of Mechanical Engineering. 
Alfred Del Vecchio. Philosophical Li- 
brary, New York, 1961. 354 pp. $6. 

Electronics in Engineering. W. Ryland 
Hill. McGraw-Hill, New. York, ed. 2, 
1961. 350 pp. Illus. $8. 

Elements of Physics. For students of 
science and engineering. George Shortley 
and Dudley Williams. Prentice-Hall, En- 
glewood Cliffs, N.J., ed. 3, 1961. 957 pp. 
Illus. Trade, $13.35; text, $10. 

An Engineering Approach to Gyroscopic 
Instruments. Elliott J. Siff and Claude L. 
Emmerich. Robert Speller and Sons, New 
York, 1960. 134 pp. $7.50. 

Essentials of Dielectromagnetic Engi- 
neering. An introduction to the thinking 
in and the use of ferrites and high-permit- 
tivity dielectrics. H. M. Schlicke. Wiley, 
New York, 1961. 264 pp. Illus. $9.50. 
Field Emission and Field Ionization. 


Robert Gomer. Harvard Univ. Press, 
Cambridge, Mass, 1961. 195 pp. Illus. 
$6.75. 


Homology Theory. An introduction to 
algebraic topology. P. J. Hilton and S. 
Wylie. Cambridge Univ. Press, New York, 
1960. 499 pp. Illus. $14.50. 

General College Chemistry. Charles 
William Keenan and Jesse Hermon Wood. 
Harper, New York, ed. 2, 1961. 758 pp. 
Illus. $3.25. 

Die Geologie Mittelamerikas. Richard 
Weyl. Borntraeger, Berlin, 1961. 241 pp. 

Hyperstatic Structures. An introduction 
to the theory of statically indeterminate 
structures. vol. 2. J. A. L. Matheson and 
A. J. Francis. Academic Press, New York; 
Butterworths, London, 1960. 293 pp. Illus. 
$11. 

Large Elastic Deformations. And non- 
linear continuum mechanics. A. E. Green 
and J. E. Adkins. Oxford Univ. Press, 
New York, 1961. 361 pp. $8.80. 

Linear Systems Analysis. An introduc- 
tion to the analysis of discrete-parameter 
time-invariant linear systems. Paul E. 
Pfeiffer. McGraw-Hill, New York, 1961. 
555 pp. $12.50. 

Modern Chemical Processes. vol. 6. By 
the editors of Industrial and Engineering 
Chemistry. Reinhold, New York, 1961. 
120 pp. Illus. $6. Seventeen articles re- 
printed from 1958 and 1959 issues of the 
journal. 

Modern Fundamentals of Algebra and 
Trigonometry. Henry Sharp, Jr. Prentice- 
Hall, Englewood Cliffs, N.J., 1961. 349 
pp. Trade, $8.65; text, $6.50. 
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Oxygen Consumption of 
Tissues in the Human Lung 


Abstract. A method for estimating the 
metabolic rate of the human pulmonary 
tissues is described. Six patients with far 
advanced pulmonary tuberculosis showed 
an average rate of 12 percent of the total 
oxygen consumption. A method for meas- 
uring the right ventricular output with an 
inert gas is also outlined, and the. use of 
this approach to minimize errors in the 
estimation of the tissue metabolic rate is 
described. 


Little is known about the metabolism 
of human pulmonary tissues. The only 
study cited in the recently published 
“Handbook of respiration” is that of 
Krebs (J) who found that lung tissue 
from a human embryo consumed 3.7 
mm* of oxygen per hour per milligram 
of dry weight. While this figure can 
be used to calculate the oxygen con- 
sumption of the lungs within the body, 
the accuracy of the calculation is un- 
certain. No alternative is available, 
however, since direct measurements 
have not, to our knowledge, been made 
in living man. 

The pulmonary tissues have access 
to several sources of oxygen, including 
the air in the alveoli, the blood in the 
pulmonary vessels, and the blood drain- 
ing from the bronchial circulation into 
the pulmonary veins and _ arteries. 
Whether the tissues utilize all of these 
sources is uncertain. The consensus is 
that the alveolar walls derive oxygen 
chiefly from the alveolar air, while the 
bronchi, the smaller air passages, and 
major portions of the visceral pleura 
utilize oxygen carried by the bronchial 
flow. A fourth source, the bronchial- 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘‘Suggestions to Contrib- 
utors”’ [Science 125, 16 (1957)]. 
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Reports 


hemiazygos blood-flow, supplies oxygen 
to the main stem bronchi and their first 
two subdivisions. The oxygen con- 
sumed by these structures, which lie 
partially within the mediastinum, is not 
included in the analysis that is pre- 
sented below. 

Figure 1 depicts the exchanges of 
oxygen which theoretically can take 
place within the lungs. Inspection of 
the drawing provides a basis for sum- 
ming the rates at which oxygen enters 
and leaves the intravascular volume 
delineated by vertical hatching. 

QOnC>Z, 


+ GO,Cy, +V 


O02 Pm Vr, 


No 


— Vz, — (Qn + Op) C =0 (1) 


a, 


where On = volumetric flow from the 


right ventricle; o. = volumetric flow 
from the bronchial arteries draining into 


the pulmonary vessels; C,, = con- 


centration of oxygen in the arterial 
blood; Cvo, = concentration of oxygen 
in the mixed venous blood; C8, = 
concentration of oxygen in the bron- 
chial blood draining into the pulmonary 


vessels; Vo, = oxygen uptake meas- 


ured at the mouth; Vr, = oxygen 
supplied to the pulmonary tissues by 


the alveolar air; and Vr, = oxygen 


supplied to the pulmonary tissues by 
the pulmonary blood flow. 


It should be emphasized that Vr, 


and Vr, represent potential, not 
proven, exchanges of oxygen. They are 
included in the equation for the sake 
of generality. 

In a similar way, an equation can 
be written to describe the oxygen ex- 
change in the intravascular volume 
defined by oblique hatching. Thus 


QC, = Vt, + O,C (2) 


Bo, 


where Vr, = 


pulmonary 
blood flow. 


oxygen supplied to the 
tissues by the bronchial 





Adding Eqs. 1 and 2 yields the fol- 
lowing expression: 


Vr, + Vry + Vry = Vo, — 
Ge (Cap, — Cip,) 


The three terms of the left-hand 
member represent the oxygen extracted, 
respectively, from the alveolar air, the 
bronchial flow, and the pulmonary flow. 


Hence, the sum of these terms (Vio) 


is an estimate of the metabolic rate of 
the pulmonary tissues. 


Va, = V0o,— Op Cag — Ci.) (3) 


To, 
The equation indicates that the cal- 


culation of Vro, entails measuring the 


flow from the right ventricle (Or), 


the oxygen uptake at the mouth (V), 


and the concentrations of oxygen in’ 
the arterial (C,,. ) and mixed venous 


a0, 


(Cro, ) blood. On can be measured 


from a dye-dilution curve inscribed 
through a cardiac catheter with its tip 


in the pulmonary artery (2), r. can 


be obtained by using a Scholander 
microanalyzer, and Cao, and Cio, can 


be determined by Van Slyke’s method. 


In an earlier study we compared the 
outputs measured by the Fick and dye- 
dilution methods in patients with either 
heart disease, bronchiectasis, or minimal 
tuberculous infections (3). Our results, 
like those of others, showed that the 
two measurements agreed well in the 
majority of patients, and that the differ- 
ence between the two had a random 
distribution. These observations sug- 
gested that the oxygen consumed by 
the pulmonary tissues lay within the 
errors of the measuring techniques. But 
a series of patients with advanced pul- 
monary tuberculosis presented a unique 
pattern in that the Fick output almost 
always exceeded the dye output by a 
small amount. One possible explanation 
was that the presence of tuberculosis 
interfered with the methods of measure- 
ment, causing either an underestimation 
of flow by the dye principle or an 
overestimation of flow by the conven- 
tional Fick. However, there was no 
reason to believe that the results could 
be attributed to such artifacts of meas- 
urement. Thus, we favored the alterna- 
tive explanation that a small part of 
the oxygen accounted for in the Fick 
calculation was, in reality, metabolized 
by the lungs. 

This reasoning led to the present 
study in which the metabolic rate of 
the pulmonary tissues was calculated 
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in six patients with severe pulmonary 
tuberculosis. Three estimates were ob- 
tained in four of the patients and two 
estimates in two. Of these 16 values 
two were negative. The remaining 14 
indicated that the pulmonary tissues 
consumed an average of 12 percent of 
the total oxygen consumption of: the 
body. The range extended from 0 to 
20 percent. 

While the average rate of 12 percent 
seems a high figure, two lines of evi- 
dence provide support for its validity. 
The first is that inflammation enhances 
metabolic activity, and the second is 
that patients with advanced tuberculosis 
sometimes display a high metabolic rate. 
On the basis of these observations, it 
seems reasonable to think that part of 
the extra oxygen consumed by such 
patients is metabolized by the inflamed 
tissues in the chest. That the metabolic 
rate of normal lungs is lower can be 
inferred from experiments performed in 
animals. Dawes and his colleagues (4) 
calculated the oxygen consumption of 
the lungs of the fetal lamb by multiply- 
ing the pulmonary blood flow by the 
arteriovenous oxygen difference. This 
calculation revealed that the lungs ac- 
counted for 8 percent of the total 
oxygen consumed. Carlyle (5) obtained 
a similar figure by placing fetal lung in 
the Warburg apparatus; when he 
studied the tissues of the adult sheep 
in the same manner, however, he found 
that the lung utilized only 1 to 4 per- 
cent of the total oxygen consumption. 

The present approach has several 
limitations. One is that the technique 
ignores the role of anaerobic metabo- 
lism, and, while the importance of this 
role has not been established, the pos- 
sibility that it has significance exists. 
A second limitation may be present if 
Thebesian veins carry venous blood into 
the left atrium or ventricle. In this 
situation the oxygen which the myo- 
cardium has extracted from the blood 
will be included in the calculated 
oxygen consumption of the lungs. 
Whereas the Thebesian veins represent 
only a potential source of error (6), 
larger systemic-pulmonary channels, 
such as those known to connect the 
chest wall and lungs through pleural 
adhesions or those thought to join the 
portal and pulmonary vessels in Laen- 
nec’s cirrhosis, could introduce an error 
of considerable magnitude. This error 
would, however, be associated with a 
discrepancy between the outputs of the 
right and left ventricles (3), and since 
in this series comparisons of these out- 
puts revealed an insignificant difference, 
any error from this source was prob- 
ably small. 

A third difficulty may be introduced 
by the dye curve used to measure the 
output of the right ventricle. A pre- 
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vious study demonstrated that curves 
drawn simultaneously either from the 
pulmonary and brachial arteries or 
from the two brachial arteries gave 
outputs which showed a satisfactory 
average agreement, yet occasionally 
differed by more than 10 percent (3). 
A final deficiency is one which is en- 
countered in any calculation based on 
the relation between the oxygen con- 
sumption measured at the mouth and 
the rate at which oxygen enters the 
pulmonary capillaries. Extraneous fac- 
tors, such as changes in the mean vol- 
ume of the lungs during the period of 
measurement, can artificially influence 
this relationship. 

As previously mentioned, the method 
cannot be used to study patients free 
of severe infection because such patients 
do not show a systematic difference 
between the Fick and dye-dilution out- 
puts. While this is probably attributable 
to the fact that the oxygen consumption 
of the normal lung lies within the errors 
of the methods, it may also be due to 
the circumstance that the dye and Fick 
measurements are customarily made in 
sequence, rather than simultaneously. 
In an attempt to minimize the effects 
of these factors, we are investigating 
the feasibility of measuring Q, by infus- 
ing into the right atrium a solution 
containing an inert gas dissolved in 
saline. The principle of the method 
may be demonstrated by writing an 
equation similar to Eq. 1 written for 
oxygen. Thus 








OnCy,. + O,CB,, _ VE, - r.. 
K 

-¥,, ~Ga.+O)C, =6.@ 
K K 


where Ve. = rate-of elimination of 


the gas in the expired air, and the other 
symbols correspond to those defined for 
oxygen. Rearranging, we have 


Op (Cy — Ca) — be 4 
[0,, (CB, ~Cey* Vay. - VreJ =9 
(5) 


In the steady state, the tissues are 
saturated and, because the gas is inert, 


Vr, and Vy, are zero. Further, 
Se Ax 


CC = CB, so that the term 
O, (CB a Ca) becomes zero also. 
Hence 
V 
. Ex 
On CF — (6) 
K 


and, substituting Eq. 6 in Eq. 3 gives 


+ . cS i‘ e— 
V1, = Vo, — VEX ES (7) 
Vx = a 


In a similar manner, one can show 


that the carbon dioxide (Vr¢, ) pro- 
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Fig. 1. Theoretical exchanges of oxygen within the lungs. For explanation of symbols, 


see text. 
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duced by the pulmonary tissues can 
be calculated from 


ee ee C ico, — Caco, 
Tco, co, Ss i er ae 
K K 
(8) 


where the symbols correspond to those 
defined for oxygen. And, finally, the 
respiratory quotient (R,) of the tissues 
can be calculated by dividing Eq. 7 
into Eq. 8. 


Ry= 


Veo, (Cy, —Ca, Ya Vv Ex (Co, am Caco,) 








Vo, (Cy,,— Ca.) — VE (Cap, — C%, ) 


In essence, this approach consists of 
simultaneously applying the Fick prin- 
ciple with two different gases. One of 
these, oxygen, is metabolized, while the 
other, an inert gas, is not. 

The success of this approach hinges 
on the degree to which a steady-state 
can be approximated, particularly in 
regard to the equilibration of the gas 
with the tissues. If equilibrium cannot 


be achieved, Os can still be estimated 
by substituting the rate of infusion 
for A 
and by using the gas concentration in 
arterial blood as an estimate of that 
in the blood draining from the tissues 
into the right side of the heart. Results 
from this method with the inert gas 
Kr*> have been more reproducible than 
those obtained with dye. But whether 
the errors will be sufficiently minimized 
to assure the applicability of the tech- 
nique to patients free of pulmonary 
infections is not yet known. 

If the utility of the approach can be 
established, the method might provide 
information on several disputed points. 
For example, the role of metabolism 
in the genesis of pulmonary diseases 
might be studied, the effect of therapy 
on the metabolism of pulmonary lesions 
might be investigated, and the partici- 
pation of the pulmonary tissues in 
diseases of metabolism, such as hyper- 
thyroidism, might be explored (7). 

H. W. FritTs, Jr. 

D. W. RICHARDS 

A. COURNAND 
Department of Medicine, Columbia 
University, College of Physicians and 
Surgeons, and the Cardio-Pulmonary 
Laboratory, First Medical and Chest 

Services, Bellevue Hospital, New York 


in the last four equations, 
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Uptake of Tritium-Labeled 
Norepinephrine in Brain and 
Other Tissues of Cat in vitro 


Abstract. Slices of cat cerebral cortex, 
heart, and spleen that have been incubated 
in media containing approximately 5 to 
25 mug of dl-norepinephrine-7H®* per milli- 
liter contain levels of isotopic amine greater 
than those in the medium. The effects of 
norepinephrine concentration, reserpine, 
and ouabain on the uptake suggest that the 
amine enters cells both by diffusion and 
by a concentrating mechanism that is satu- 
rated at low levels of norepinephrine. The 
drugs inhibit the latter. 


Hughes and Brodie (/) have pre- 
sented evidence that active transport of 
5-hydroxytryptamine is an important 
factor in maintaining the high concen- 
trations of this amine in blood platelets. 
The present studies were undertaken 
to determine whether a similar mecha- 
nism contributes to the relatively high 
levels of catecholamines maintained in 
parts of the brain and in sympathetical- 
ly innervated organs (2). 

Tissue slices were incubated in 
Krebs bicarbonate medium containing 
5 mpg of dl-norepinephrine-7H’ per 
milliliter. The concentration of isotope 
in cat cerebral cortex (Fig. 1) rose to 
several times that in the medium. Up- 
take curves for slices of hypothalamus, 
cerebellum, heart, and spleen were very 
similar to those in Fig. 1. Liver and 
muscle, however, did not accumulate 
concentrations of norepinephrine sig- 
nificantly greater than that in the medi- 
um. Approximately 75 percent of the 
radioactivity in cortex and heart after 
1 hour of incubation was accounted for 
as unchanged norepinephrine by column 
chromatography of the contents of 
pooled slices (3). Chromatographic 
analysis of the incubation media indi- 
cated that 70 percent of the metabolites 
produced by cortical slices were 3,4- 
dihydroxy or 3-methoxy-4-hydroxyman- 
delic acid. In the heart media the 
O-methyl ether of norepinephrine ac- 
counted for 60 percent of the metab- 
olites. 

In order to determine the effect of 
norepinephrine concentration on the 
rate of uptake, tissue levels of labeled 
norepinephrine were measured after 20 
minutes of incubation, during which 
time the uptake is approximately linear. 





The ratio of tissue concentration of 
isotope to concentration in the medium 
was maximal in cortex and heart at 
levels between 5 and 25 myg/ml. At 
higher levels the tissue concentration 
approached that of the medium. These 
data, which resemble those obtained 
with epinephrine (4), suggest that 
catecholamines, like 5-hydroxytrypta- 
mine in platelets (/), enter nervous tis- 
sue in two ways. At low levels of 
norepinephrine most of the inward flux 
would occur by a concentrating mecha- 
nism involving a carrier, presumably 
enzymatic. The data of Table 1 would 
be consistent with the saturation of such 
a carrier at norepinephrine levels of 
about 25 myg/ml above which the rate 
of entry by this mechanism could not 
be further increased. 

The second component of the inward 
flux would be a simple diffusion by 
which the internal concentration of the 
amine should gradually approach the 
external one. The rate of this process, 
however, should not be subject to an 
upper limit since diffusion rates vary 
linearly with concentration. Thus the 
limited quantity entering in a given 
time by the concentrating mechanism 
should become a negligible fraction 
of the much larger amounts forced 
through the diffusion barrier by very 
high external concentrations, and the 
ratios of Table 1 would be expected to 
approach unity. 

Uptake of norepinephrine by the 
concentrating mechanism could repre- 
sent either chemical binding to tissue 
components or active transport by an 
energy-requiring pump of low capacity. 
That it may be the latter is suggested 
by the marked inhibition of the inward 
flux by ouabain (Fig. 1), since cardiac 
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Fig. 1. Ratio of concentration of radio- 


activity in cat cerebral cortex slices to that 
in a Krebs bicarbonate medium containing 
5 wg of dl-norepinephrine-7H* per milliliter. 
Curve 1, control. Curve 2, 24 hours after 
reserpine (3 mg/kg) was injected intra- 
peritoneally. Curve 3, slices from normal 
cats incubated in media containing 10°M 
ouabain. Vertical bars represent standard 
deviation of values obtained with tissues 
from eight cats. 
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Table 1. Ratio of concentration of. radio- 
activity in cat cerebral cortex to that in Krebs 
bicarbonate medium after incubation of slices 
for 20 minutes at 37°C with dl-norepinephrine- 
7H°. 











Concen- Ratios in 
tration Normal 10-°°M 
(myg/ml) medium reserpine 

1 0.63 0.58 

5 2.28 1.43 

25 1.85 1.35 
100 1.63 1.50 
200 Lt? 0.98 





glycosides are known to block the 
utilization of metabolic energy for the 
active transport of a number of sub- 
stances (5). Reserpine is reported to 
block the active transport of 5-hy- 
droxytryptamine in platelets (7). In 
cortex slices from reserpinized animals 
(Fig. 1), as well as in those exposed to 
reserpine in vitro (Table 1), the tissue 
concentration of norepinephrine after 
incubation was reduced. Reserpine ap- 
parently blocks the concentrating 
mechanism since at the higher con- 
centrations of norepinephrine where 
inward flux is primarily by diffusion 
the effect of the drug was considerably 
lessened. 

In the presence of the sulfhydryl in- 
hibitors, iodoacetate (10°M), and p- 
chloromercuribenzoate (5 xX 10°M), 
norepinephrine uptake by cortex slices 
was reduced to 78 and 50 percent of 
control values. Dinitrophenol (10“°M) 
reduced uptake by 25 percent. Fluoride 
and azide were without effect. Slices 
warmed at 55°C for 10 minutes in 
isotonic saline were unable to con- 
centrate isotopic norepinephrine when 
incubated under the usual conditions. 

Although isotope was more concen- 
trated in tissue than in the medium 
after incubation, the concentration 
ratios were much lower than would be 
expected if there were complete isotopic 
exchange between extracellular and 
endogenous norepinephrine. Complete 
exchange between the _ radioactive 
norepinephrine in 3 ml of a solution 
containing 5 myg/ml and the endogen- 
ous norepinephrine in a 100-mg slice 
of cortex (approximately 0.04yg) (2) 
should yield a ratio of isotope concen- 
tration in tissue to that in the medium 
of about 75. Since experimentally this 
ratio has never exceeded 5.8 after 1 
hour of incubation, the isotopic nor- 
epinephrine must exchange slowly, if at 
all, with the amine in intracellular stor- 
age sites. In adrenal medulla (6), 
splenic nerve (7), and perhaps in nerv- 
Ous tissue generally (8) these storage 
sites appear to be cytoplasmic granules. 
Adrenal medulla was unusual in that 
slices of this tissue did not concentrate 
labeled norepinephrine to levels sig- 
nificantly greater than in the medium. 
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This result is in keeping with Hillarp’s 
observation (9) that isotopic epinephrine 
did not exchange with the epinephrine 
in isolated adrenal medullary granules, 
but seems surprising in view of the re- 
ported accumulation of isotopic nore- 
pinephrine in the rat adrenal after in- 
travenous injection of small amounts 
(10). 

It is possible that the concentrating 
mechanism delivers norepinephrine to 
an intracellular pool distinct from the 
particulate sites where much of the 
amine appears to be stored. Recent re- 
sults of Burn and Rand would be con- 
sistent with the existence of such a 


pool (//). 
A number of drugs that sensitize 
adrenergic organs to administered 


catecholamines inhibit uptake (/2), by 
the concentrating mechanism observed 
here. It is possible that the latter repre- 
sents a means for terminating the 
biological effect of catecholamines. 
Hans J. DENGLER* 
HERBERT E, SPIEGEL 
ELwoop O. Titus 
Laboratory of Chemical Pharmacology, 
National Heart Institute, 
Bethesda, Maryland 
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Vessels in Roots of Marsilea 


Abstract. The occurrence of vessel mem- 
bers in the roots and the possible occur- 
rence of sieve-tube members in the rhi- 
zome is reported for the first time in the 
heterosporous fern Marsilea quadrifolia. 
This discovery adds a new instance of par- 
allel evolution of vessels in vascular plants. 


Vessel’ members, although highly 
characteristic of the flowering plants, 
occur also in other widely divergent 
groups of vascular plants (7) including 
the Selaginellales (Selaginella), the 
Equisetales [Equisetum (2)], the 








Genetales (Gnetum, Welwitschia, and 
Ephedra), and the Filicales [in which 
they have previously been reported only 
in Pteridium (3)]. It is my purpose 
herein to record for the first time their 
occurrence in the roots of the heteros- 
porous fern, Marsilea quadrifolia. This 
discovery is of unusual interest as an- 
other example of parallel evolution in 
vascular tissue. 

The vessel members of Marsilea have 
distinct end walls and are superposed 
in vertical columns (Fig. 1c). The end 
walls vary from sieeply oblique with 
scalariform perforations through a 
series of intermediate forms (Fig. 1a 
and 5b) to transverse end walls with 
a simple perforation. Often a single 
vessel member will show both extremes 
—the steep scalariform perforated wall 
at one end, and the transverse simply 
perforated wall at the other. The in- 
dividual vessel members average 3.6 mm 
in length and 27.4 uw in width. Re- 
duced scalariform pitting occurs on the 
lateral walls. 

A test was made to determine 
whether particles of India ink would 
pass through these cells (4). The ends 
of decapitated roots were immersed in 
ink, and it was found that the ink 
particles pass readily throughout their 
length. As these particles are too large 
to pass through pit membranes, it was 
concluded that the conducting cells 
must be true vessel members. It is 
significant that no ink particles were 
conducted into the rhizome where the 
conducting elements were found to be 
tracheids. 

An examination of two other species 
of Marsilea (M. drummondii and M. 
hirsuta) revealed that they also pos- 
sess vessels in their roots, but, as in 
M. quadrifolia, they lack vessels in the 
rhizome and petiole. Additional species 
of Marsilea are currently under in- 
vestigation. 

No vessels were observed in any of 
the organs of species in the two other 
genera of the Marsileaceae, Regnel- 
lidium and Pilularia. Likewise, none 
were found in species of Salvinia and 
Azolla of the other heterosporous fern 
family, Salviniaceae. 

It is interesting that in the course of 
this survey, cells with the appearance 
of true sieve-tube members were ob- 
served in the phloem of Marsilea. 
These cells, which are very long, have 
sieve areas restricted to oblique end 
walls, and only irregularly scattered 
simple pits have been observed on 
the lateral walls. They form continuous 
series of cells in the internodal regions 
of the rhizome. Peculiarly, the sieve- 
tube members are confined to the 
rhizome, which has only tracheids in 
the xylem. The roots, which have ves- 
sels in the xylem, have only typical 
sieve cells in the phloem. If these cells 
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Fig. 1. 


perforated end walls (a, b). The articulation of two vessel members with transverse, 


simple-perforated end walls (c). 


are, indeed, sieve-tube members, their 
occurrence in Marsilea will be, as far 
as is known, unique within the Filicales 
and the only known occurrence out- 
side of the angiosperms. 

On the basis of frond form, Marsilea 
is generally regarded as the most primi- 
tive genus of the Marsileaceae. On the 
basis of sporangial type, however, Mar- 
silea is evidently the most specialized 
(5). The evidence from the vascular 
tissue tends to support the latter. 

The vessels of the bracken fern, 
Pteridium, are very different from those 
of Marsilea. They are located in the 
rhizome, petiole, and root and are not 
confined solely to the roots, as in Mar- 


silea. Furthermore, the vessels of Pteri- _ 


dium possess members with only the 
scalariform type of perforation plate. 
Pits on the lateral walls are typically 
scalariform, whereas those of Marsilea, 
although scalariform, are relatively 
smaller and more widely spaced. In 
addition, vessel members in Pteridium 
are much shorter than those of Mar- 
silea. 

Both Marsilea and Pteridium are 
members of families considered to be 
taxonomically advanced. The heteros- 
porous family Marsileaceae is generally 
considered more highly advanced than 
the Pteridaceae. The vessel members 
of Marsilea, on the basis of characters 
used to determine degree of specializa- 
tion in angiosperms, are, with the ex- 
ception of their length, more highly 
specialized than those in Pteridium. 

The discovery of vessel members in 
Marsilea demonstrates once again the 
homoplastic development of these 
structures in taxonomically widely sep- 
arated plants. In view of their occur- 
rence in these distantly related genera, 
and the differences in morphology and 
location in the plant, it is probable that 
the vessels have originated independ- 
ently at least twice in the ferns—in the 
terrestrial Pteridium and in the aquatic 
Marsilea. This parallels the situation 
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that seems to have occurred in the 
angiosperms (6). 

Histological and developmental stud- 
ies will supply detailed information con- 
cerning the nature and ontogeny of the 
vessel and supposed sieve-tube ele- 
ments in Marsilea. A statistical study 
of the tracheary elements of the ferns 
in progress will provide a broader basis 
for a more critical interpretation of 
the significance of these cell types in 
the Filicineae (7). 

RICHARD A. WHITE 
Department of Botany, 
University of Michigan, Ann Arbor 
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X-rays Affect the Incorporation 
of 5-Iododeoxyuridine into 
Deoxyribonucleic Acid 


Abstract. When labeled with iodine-131, 
5-iododeoxyuridine, an analogue of thymi- 
dine, is useful in estimating the effect of 
x-radiation on deoxyribonucleic acid me- 
tabolism. Although this compound is 
readily incorporated into deoxyribonucleic 
acid in the absence of ionizing radiation, 
we find that whole-body exposure to as 
little as 10 r will significantly inhibit its 
incorporation. 


The debilitating effects of x-rays to 
higher animals are usually the delayed 
consequences of the inhibition of multi- 
plication or death of cells in certain 
normally proliferative tissues. Tracer 
studies in turn suggest that the damage 


to proliferating cells can be correlated 
with altered metabolism of their genetic 
material, deoxyribonucleic acid (DNA). 
Tritiated-thymidine, while an excellent 
measure of DNA metabolism (J), is 
difficult to assay because of the weak 
energy of tritium’s B-radiation; whereas 
an iodinated analogue would permit 
easy assay of whole tissues or animals 
by the gamma rays of radioiodine. 
Therefore, the present technique was 
developed, utilizing the thymidine 
analogue, iododeoxyuridine (2), which 
can be incorporated in place of thymi- 
dine into DNA (3). For this purpose 
the iododeoxyuridine was prepared 
labeled with I" by iodination of de- 
oxyuridine as described by Prusoff (2) 
[but with the addition of radioactive 
iodine (I) to the reaction mixture] 
and purified by four recrystallizations 
from water. 

Groups of Swiss albino mice, 6 to 
10 weeks old, were exposed to 250 kv 


(peak) x-rays filtered through 0.5 mm. 


of copper and 1 mm of aluminum. The 
rate of irradiation was 50 to 52 r/min, 
different doses being attained by vary- 
ing the duration of exposure. At a vari- 
able time interval before the onset or 
after the cessation of irradiation, each 
mouse received a single intraperitoneal 
injection of 0.1 pmole of the labeled 
compound having a specific activity of 
approximately 10 pc/pmole; the con- 
trols were unirradiated litter mates, 
which had been similarly injected. All 
mice were given 0.1 percent Nal in 
their drinking water for at least 24 hours 
before injection with labeled iododeoxy- 
uridine to prevent retention in the 
thyroid of radio-iodide, the major cata- 
bolic product. 

The radioactivity of each mouse was 
counted periodically in a large well- 
type crystal scintillator. Figure 1 illus- 
trates the average radioactivity retained 
(plotted logarithmically) by groups of 
three to five mice as a function of time 
after injection. In both irradiated and 
unirradiated animals the initial rapid 
disappearance of radioactivity was fol- 
lowed by a slow phase (from about the 
10th to the 40th hour) in which the 
retained amount of activity remained 
essentially constant and can be attrib- 
uted to label in metabolically stable 
DNA within new cells. The more rapid 
loss of radioactivity after 40 hours un- 
doubtedly reflects the death of labeled 
cells. Chemical data in support of this 
interpretation are as follows. 

At intervals, two or three mice from 
a group were killed, and their organs 
were either assayed for radioactivity 
directly or for activity insoluble in 10 
percent trichloroacetic acid after ho- 
mogenization, precipitation with this 
reagent, and washing until the super- 
natant contained less than 2 percent of 
the radioactivity of the precipitated 
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Table 1. Incorporation of I13!-iododeoxyuridine 
into DNA after irradiation. The figures represent 
percentages relative to incorporation into un- 
irradiated controls at 20 hours after injection 
of the iododeoxyuridine (three to five mice per 
tabulated number). 





Incorporation at intervals between 
Exposure x-radiation and injection (%) 


(r) 





2 hr 
110 


6 hr 24 hr 48 hr 








tissue. This precipitate contains the 
DNA together with most of the tissue 
proteins. Analysis of various organs 
revealed that the amount of acid- 
insoluble radioactivity reached a maxi- 
mum within an hour after injection of 
labeled iododeoxyuridine. The acid- 
soluble radioactivity after this period 
was primarily due to the presence of 
iodide, resulting from degradation of 
the labeled compound. By 20 hours, 
almost all the body radioactivity was 
insoluble in trichloracetic acid. Of the 
radioactivity lost from the body, over 
95 percent was excreted in the urine, 
largely as iodide. 

The unirradiated animal, 21 hours 
after the injection of labeled iododeoxy- 
uridine, retained an average of 8.3 per- 
cent of the injected dose. The retained 
activity was proportioned 41 percent to 
the gastrointestinal tract (none of this 
was in its contents), 21 percent to the 
skin (about half of this represented con- 
taminating iodide), and 15 percent to 
the bones (including bone marrow). 
Only 2.7, 2.3, 1.7, and 1.1 percent 
were present in the skeletal muscles, 
liver, thymus, and spleen, respectively. 
While the rates at which radioactivity 
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RETENTION OF |"! RADIOACTIVITY OF 
. !ODODEOXYURIDINE BY X-IRRADIATED MICE 
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to 20 

2 
Fig. 1. Disappearance of total radio- 
activity in mice after injection of I 
iododeoxyuridine. Tracer was given 2 
hours after x-radiation. “O” dose curve 
shows unirradiated controls. Three to five 
mice per point. 
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disappeared from the various organs 
were quite different, the preponderance 
of radioactivity in the gut and the 
steepness of the decline from this com- 
partment after 40 hours largely account 
for the shape of the curve for whole- 
body retention. 

Since the extent of incorporation of 
labeled iododeoxyuridine in the intact 
mouse could not be determined until 
after the degradation products had been 
eliminated, the amount of radioactivity 
present at 20 hours was chosen as a 
measure of incorporation. Table 1 
shows that the incorporation was a 
function of the irradiation dose and of 
the time between irradiation and in- 
jection. Maximum inhibition of iodo- 
deoxyuridine retention for any given 
X-ray dose occurred approximately 6 
hours after irradiation and was already 
close to maximum 2 hours after irra- 
diation. Recovery, in that iododeoxy- 
uridine retention returned to normal, 
began within 24 hours after administra- 
tion of 52 r, but was not yet complete 
even 48 hours after administration of 
624 r. 

The inhibition produced by the 
larger doses is even greater than the 
graph indicates, for an iodide retention 
curve would approximate that for 
labeled iododeoxyuridine after adminis- 
tration of 624 r, and in fact, over 80 
percent of the radioactivity “incorpo- 
rated” when the labeled compound was 
given 2 to 24 hours after 624 r of 
radiation was found in the skin, largely 
as iodide (4). The greatest inhibition of 
incorporation was suffered by the gas- 
trointestinal tract, and the greatest re- 
covery, 48 hours after irradiation with 
624 r, also occurred in this organ, little 
or no incorporation then being observed 
in the spleen, lymph nodes, or thymus. 
These results parallel those recently re- 
ported by Nygaard and Potter (5) for 
the effect of x-rays on the incorporation 
of thymidine-2-C™ into the DNA of rat 
intestine, thymus, and spleen. 

Irradiation given 2 hours after the in- 
jection of I" -iododeoxyuridine pro- 
duced a small depression in the curve 
for retained radioactivity, and irradia- 
tion given 24 hours after injection pro- 
duced barely detectable changes in the 
shape of the retention curve, indicating 
that early death of labeled cells can ac- 
count for only a fraction of the inhibi- 
tion observed. The maximum inhibi- 
tion observed 6 hours postirradiation 
(Table 1) may result from inhibition 
of mitosis and the resultant depletion of 
the proliferating pool, since this inter- 
val is close to the generation time for 
the rapidly proliferating cells of the gut. 
However, inhibitions observed at earlier 
times (Fig. 1) obviously cannot be so 


‘explained and must therefore represent 


either a slowing of DNA synthesis with- 
in cells or a less efficient utilization of 


label because of altered cell perme- 
ability or increased pool size of DNA 
precursors. 

In any event, the sensitivity of 
iododeoxyuridine incorporation in mice 
to as little as 10 r of precedent x-radia- 
tion suggests the possibility of develop- 
ing this technique as an index of radia- 
tion injury in man after either acciden- 
tal or therapeutic exposure. Of course, 
the possible mutagenic effects of labeled 
iododeoxyuridine, either from the com- 
pound itself or from its radiation, must 
be considered in any such study (6). 

Davip GITLIN* 
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Fallout Radioactivity in 
Cattle and Its Effects 


Abstract. The levels of strontium-90 
and cesium-137 in cattlé grazed on the 
Nevada Test Site and elsewhere in Nevada 
are similar to those in cattle from other 
parts of the country. Gastrointestinal 
absorption of the relatively large amounts 
of radioactive cerium-praseodymium, ru- 
thenium-rhodium, and zirconium-niobium 
present in the rumina is very small. Zinc- 
65 made its first appearance in samples of 
muscle and liver in November 1958 and 
has persisted in later samplings. There has 
been no evidence of biological damage to 
date, either histologically or grossly. 


In 1957, the U.S. Atomic Energy 
Commission authorized a project (/) 
to determine what effects, if any, the 
radioactivity produced in atomic bomb 
tests at the Nevada Test Site was hav- 
ing on cattle grazing in areas heavily 
contaminated by fallout as contrasted 
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Table 1. Strontium-90 in grazing animals and in people. 





Sr®/Ca (upc/g) 








No. of Sandton * Sample - 
animals date Rumen Feces Rib Femur Milk mew Ref. 
Cattle 
5 NTS Fall 1957 436 602 13.9 15.6 
6 DV Fall 1957 117 103 13.4 15,5 
4 NTS Spring 1958 190 8.6 16.1 
3 DV Spring 1958 56 62 17.6 13.5 3.1 0.19 
3 KC Spring 1958 172 80 12.3 22:3 =e | 0.29 
4 NTS Fall 1958 159 193 7.4 27.1 
4 DV Fall 1958 57 nye) 9.6 14.3 1.8 0.15 
4 KC Fall 1958 231 329 19.1 21.0 4.7 0.2 
Sheep 
Br. Col., Can. May 1956 32 (6) 
Chile May 1956 7 (6) 
England July 1957 200 (7) 
Caribou 
Alaska May 1956 50-112 (6) 
Cattle 
Utah Jan.-Apr. 1958 4.0 (3) 
Arizona Jan.—Apr. 1958 1.0 (3) 
U.S. (av.) 1958 6.7-10 (4) 
Human beings (7-12 months) 
North America 1957-58 1.8 (8) 





* NTS, Nevada Test Site; DV, Delamar Valley, Nev.; KC, Knoll Creek, Nev. 


with cattle, at a distance, grazing on 
more normal pastures. Accordingly, 50 
head of Hereford cattle, born and 
raised in the Delamar Valley just east- 
northeast of the Nevada Test Site, were 
purchased in November 1957; these 
animals were then grazed within the 
test site itself and comprised the maxi- 
mum radiation exposure herd. A co- 
operative program was inaugurated 
with the University of Nevada to main- 
tain two additional herds located at 
distances of 75 miles east (Delamar 
Valley, Caliente, Nevada) and 300 
miles north (Knoll Creek, Contact, 
Nevada) of the test site. Twice yearly 
(May and November) five animals from 


each herd were killed. Samples of bone, 
liver, muscle, thyroid, milk, rumen con- 
tent, and feces were collected and radio- 
assayed; a detailed autopsy was per- 
formed on each animal, and tissue sec- 
tions were examined for histopathology 
(2). Film badges in small leather 
pouches on the neck chain of each ani- 
mal were replaced bimonthly. Results 
of radioactivity analyses are summar- 
ized in Tables 1 and 2. 

Considering the Sr” data first, it is 
clear that there are only small differ- 
ences in the ratio of Sr”/Ca among the 
three herds and between these cattle 
and grazing animals from other parts of 
the Northern Hemisphere. In fact, the 








Table 2. Gamma-ray emitters in cattle. (N.D., not detected.) 
; : ¥ K*” Cs'87 Zn®™ Zr™ Nb” 
Semple — ome (g K/kg) (upc/g K) (uyuc/kg) (puc/kg) (uyc/kg) 
Muscle NTS Dec. 1957 3.9 100 N.D. N.D. N.D. 
DV Dec. 1957 3.8 93 N.D. N.D. N.D. 
Pooled May 1958 3.9 120 N.D. N.D. N.D. 
Pooled Nov. 1958 4.7 160 140 N.D. N.D. 
Liver Pooled Nov. 1958 52 70 320 Trace Trace 
Bone Pooled Nov. 1958 Trace Trace Trace N.D N.D. 
Muscle 
(2-yr steer) NTS May 1959 2.8 122 107 N.D. N.D. 
(1-yr steer) NTS May 1959 3.0 716 77 N.D. N.D. 
(1-mo calf) NTS May 1959 4.5 112 153 N.D. N.D. 
Liver 
(2-yr steer) NTS May 1959 4.6 61 195 N.D. N.D. 
(1-yr steer) NTS May 1959 5.0 28 154 N.D. N.D. 
(1-mo calf) NTS May 1959 3.1 58 97 N.D. N.D. 
Hamburger Local + 1959 23 87 30 N.D. N.D. 
Beef liver Local + 1959 2.8 64 50 30 60 
Rumen 
contents (av.) NTS Dec. 1957 N.D. N.D. N.D. 210,000 420,000 
DV Dec. 1957 N.D. N.D. N.D. 35,000 70,000 
NTS May 1958 N.D. N.D. N.D. 20,000 37,000 
DV May 1958 N.D. N.D. N.D. 1,600 3,000 
KC May 1958 N.D. N.D. N.D. 20,000 37,000 
NTS Nov. 1958 N.D. N.D. N.D. 215,000 430,000 
DV Nov. 1958 N.D. N.D. N.D. 58,000 116,000 
KC Nov. 1958 N.D. N.D. N.D. 23,000 47,000 





* NTS, Nevada Test Site; DV, Delamar Valley, Ne’.; KC, Knoll Creek, Nev. 


1076 


+ Local purchase. 





Nevada values are among the lower 
ones. The Southern Hemisphere value 
(Chile) is the lowest, which is con- 
sistent with world-wide fallout patterns. 
The values for human bone are less 
than those in any of the grazing ani- 
mals, because of discrimination against 
strontium in moving up the food chain 
to man. 

Milk samples also have Sr*/Ca ratios 
close to the values for nearby Western 
states. The Nevada, Utah, and Arizona 
values are all similar and are less than 
the 1958 national average of 8.2 pyc/g 
(4), which is what one would expect if 
most of the Sr” fallout comes frei 
the stratospheric reservoir and is in- 
fluenced on the local scale by rainfall 
patterns. The Sr”/Ca ratio in milk is 
consistently lower than the ratio for 
bone in the Nevada cattle, the milk-to- 
bone ratio averaging about 0.2. Prob- 
ably the milk-producing organs are bet- 
ter at rejecting Sr” than the bone; 
Comar (5) reports that in cows the ratio 
of Sr°/Ca is 0.11 in milk and 0.18 in 
the skeleton. 

The Sr”/Ca ratio in the rumen and 
fecal samples, reflecting the Sr”/Ca 
ratio in the feed shortly before slaugh- 
ter, is higher than the bone values by 
something like an order of magnitude. 
In addition, these ratios are affected 
markedly by local fallout patterns and 
hence show larger fluctuations. Thus, 
the large Sr”/Ca ratios in the 1957 
samples is probably due to the Plumb- 
bob test series (spring and summer of 
1957 at the Nevada Test Site); there 
was a reduction in the values in the 
spring of 1958 (a period of no testing). 

The most striking feature of the re- 
sults on y-emitters is that the tissues 
contain so little radioactivity, in spite 
of the fact that the rumina contain 
relatively large amounts of the interme- 
diate-lived fission products commonly 
found in dust and dirt. In Table 2, only 


Zr*/Nb®* values are listed; Ce™/Pr". 


values are similar, while Ru’’/Rh™ are 
generally lower by a factor of 10. These 
are nonphysiological elements, and ab- 
sorption through the gut wall is very 
small. Cesium-"", while certainly pres- 
ent, is swamped and not observed in 
the rumen contents, but is the main 
fission product in the samples of muscle 
and liver. It is significant that the Cs*”/ 
K ratios are quite similar to those for 
commercial beef from widely separated 
locations. This means that the Cs™ is 
coming mainly from the stratosphere, 
as was the case with Sr”, and not from 
local fallout. 

Fisson product levels in the rumen 
contents and fecal samples from the 
Nevada Test Site herd showed a 
marked correlation with Nevada atomic 
bomb tests. The test series occurred 
during the spring and summer of 1957 
(Plumbbob) and in the fall of 1958 
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(Hardtack II), and the fission product 
levels in the Nevada Test Site herd were 
much higher in December 1957 and 
November 1958 than between tests 
(May 1958). The other two herds 
showed little change. This shows the 
effect of the relatively intense local fall- 
out on the test site itself from smaller 
nuclear devices; this would be much 
more important for short-lived and in- 
termediate-lived fission products than 
for the long-lived ones (such as Cs™ 
and Sr”, the concentrations of which 
are not elevated in any of the three 
Nevada herds). 

It is interesting that a new radio- 
activity, Zn”*, makes its first appearance 
in the November 1958 soft-tissue sam- 
ples and remains present in the May 
1959 samples. Zinc-65 is not a fission 
product, but is formed by neutron in- 
teraction on stable zinc. It has been 
detected in the general food supply 
(9), it is well absorbed from the gas- 
trointestinal tract, and body r-tention 
is high (10). The amounts observed in 
the samples of liver and muscle were 
comparable to the Cs™ content. 

External y-ray dose and bone plu- 
tonium levels are trivial; the same was 
true of thyroid I levels with the ex- 
ception of the Nevada Test Site herd 
soon after Hardtack II, when levels 
were of the order of the human maxi- 
mum permissible level. 

All reports from the Armed Forces 
Institute of Pathology indicate nothing 
significant from microscopic pathologi- 
cal examination. To date, no gross ef- 
fects have been observed. The repro- 
duction rate is normal, the animals are 
in a satisfactory state of nutrition, and 
there has been no increased incidence 
of any diseased condition. 

M. A. VAN DILLA 

Los Alamos Scientific Laboratory, 
University of California, 
Los Alamos, New Mexico 

G. R. FARMER* 
U.S. Atomic Energy Commission, 
Las Vegas, Nevada 

V. R. BOHMAN 
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University of Nevada, Reno 


References and Notes 


. This work was performed under the auspices 
of the U.S. Atomic Energy Commission. 

2. J. H. Harley, New York Operations Office, 
Atomic Energy Commission and Radiochem- 
istry, Inc. (Sr); M. A. Van Dilla, Los 
Alamos Scientific Laboratory (--emitters); 
L. Van Middlesworth, University of Tennes- 
see (I-131); K. H. Larsen, UCLA (Pu); 
Armed Forces Institute of Pathology (histol- 
ogy); G. R. Farmer, major (VC), and E. L. 
Johnson, captain (VC), stationed with U.S. 
Atomic Energy Commission, Las Vegas, 
Nevada (autopsy). 

- Annual Report, Lamont Geological Observa- 
tory, Columbia University (1 October 1958- 
30 September 1959). 

4. W. H. Langham and E. C. Anderson, Hear- 

ings before thc Special Subcommittee on 

Radiation of the Joint Committee on Atomic 

Energy, 86th Congress, vol. 2, pp. 1067-1169, 

5-8 May 1959. 


~ 


7 APRIL 1961 





5. C. L. Comar, ibid., pp. 1280-1298. 

6. U.S. Atomic Energy Commission, New York 
Operations Office, Health and Safety Labor- 
atory Reports HASL-10 (January 1958) and 
HASL-42 (1958). 

7. A. Morgan and J. E. Wilkins, Biochem. J. 
71, 419 (1959). 

8. J. L. Kulp, A. R. Schulert, E. J. Hodges, 
Science 129, 1249 (1959). 

9. M. A. Van Dilla, ibid. 131, 659 (1960); G. K. 
Murthy, A. S. Goldin, J. E. Campbell, ibid. 
130, 1255 (1959). 

10. M. A. Van Dilla and M. J. Engelke, ibid. 
131, 830 (1960). 

* Present address: 


18 August 1960 


Fort Leavenworth, Kan. 


One-Trial Interhemispheric 
Transfer of a Learning Engram 


Abstract. By using spreading depression 
to decorticate temporarily one hemisphere 
in rats, a learning trace was established in 
the opposite functional hemisphere. Spon- 
taneous transfer of the engram from the 
trained hemisphere to the untrained hemi- 
sphere does not occur when both hemi- 
spheres are functional. If, however, the 
animal was allowed to make one rein- 
forced response, complete transfer of the 
engram to the untrained hemisphere oc- 
curred. 


We have been investigating (/) the 
use of spreading depression to decorti- 
cate temporarily one hemisphere and 
thereby to localize a conditioned per- 
formance to the other hemisphere as first 
described by BureS (2). This approach 
derives from the work of Sperry and 
his co-workers (3), who showed a sim- 
ilar localization of learning engrams 
in the split-brain preparation. In our 
technique, cups were implanted chron- 
ically around small holes drilled through 
the skull of male albino rats, one 
over each hemisphere. The dura was 
left intact. Plungers fitted into the cups 
prevented dehydration of the brain. 
A small pledglet of cotton soaked with 
25 percent potassium chloride was 
placed in the cup on one side to pro- 
duce repetitive cycles of spreading de- 
pression restricted to that particular 
hemisphere. These spreading depres- 
sions inactivate the cortex for 3 to 4 
hours (2). 

The rats were given 1-hour daily ses- 
sions of operant training with one 
cortical hemisphere depressed. Under 
these conditions the functional cortex 
was exposed to bar-press conditioning 
under a _ continuous reinforcement 
schedule for food (4). In Fig. 1 the 
depressed cortical hemisphere is shown 
schematically, for each day, by cross- 
hatching. 

On the first two days (Fig. 1), oper- 
ant level scores were obtained, that is, 
measures of the animal’s basal predis- 
position to respond without any train- 
ing. On the 3rd and 4th days, the ani- 
mal was reinforced for every response, 
and the increased rates indicate the 


animal had learned. The engram was - 


shown to have been established in the 
cortex that remained functional during 


training, when this trained cortex 
was depressed by spreading depression. 
This is shown in Fig. 1, for spreading 
depression was produced in the trained 
cortex on day 5, and the animal’s re- 
sponse rate declined to a basal level. 
It should be noted that the responses 
on day 5 were not reinforced, and thus 
they were obtained under extinction 
conditions. On day 6 the trained cor- 
tex was again functional, spreading 
depression was initiated on the un- 
trained side, and the return of a higher 
rate of responding coinciding with the 
functional return of the trained cortex 
indicates that the engram was not 
impaired by the presence of spreading 
depression on the previous day. 

The procedure of trying the trained 
side and the untrained side under con- 
ditions of reinforcement and extinction 
was carried out on the same animal 
over a number of days (Fig. 1). On 
days 5 and 9 the amount of responding 
of the animal under extinction with the 
trained cortex depressed is shown. As 
has been noted, this performance does 
not differ from the operant level per- 
formance prior to conditioning. These 
extinction scores are in contrast with 
the score obtained on day 11, when 
the trained cortex was functional dur- 
ing extinction. The presence of an en- 
gram is shown in that hemisphere by 
the retention of learning in extinction. 

This use of extinction tests as a re- 
tention measure of learning shows more 
rigorously the presence of a unilateral 
engram than does BureS’s use of speed 
of learning scores, that is, the number 
of trials required to reach a criterion 
of conditioned performance. This op- 
erant technique is also flexible in terms 
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Fig. 1. Unilateral learning obtained by use 
of spreading depression as a technique 
of temporary decortication. The shading 
indicates the hemisphere depressed. The 
first two days give the operant level of 
responding before conditioning. Subse- 
quent days show the increase in respond- 
ing during training. On days 5, 9, and 11, 
responses are made during extinction. On 
days 5 and 9 the response level when the 
trained cortex is depressed is shown to 
be low as compared to day 11 when the 
trained cortex is functional. 
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Fig. 2. Transfer of the learning engram 
to the untrained hemisphere. Days 1 and 
2 give operant level, and day 3 shows 
the amount of responding made during 
training. The following days give the re- 
sults of extinction tests. On day 4 the 
trained cortex is depressed, and day 5 
shows the difference when the trained side 
is functional. On day 6 the animal was 
permitted to make one reinforced response 
with both hemispheres functional, and 
then 1 hour later the extinction test was 
given with the trained hemisphere de- 
pressed. The greater amount of respond- 
ing indicates transfer has occurred after 
this single response. 


























of the kind of learning that can be 
established, and furthermore the pres- 
ence or absence of a learning engram 
may be tested repeatedly over a num- 
ber of days. 

After recovering from spreading de- 
pression, the animal does not spontane- 
ously transfer the engram to the other 
side, a point also noted by Bures. Our 
testing procedure extended over a week 
or two, and, despite this prolonged 
period, transfer still did not occur. If, 
however, an animal with a unilateral 
engram was allowed to make one re- 
sponse and receive one reinforcement 
while both cortical hemispheres were 
functional, transfer of the engram to 
the previously untrained side occurred. 

An example of an animal demon- 
strating such one-trial transfer is shown 
in Fig. 2. On the first two days operant 
level performance was recorded with 
one hemisphere depressed. On the 3rd 
day the learning of a conditioned per- 
formance is demonstrated by the 233 
reinforced responses made during 1 
hour of conditioning. An extinction 
test was given on day 4 with the trained 
cortex depressed. The animal here per- 
formed at operant level indicating that 
no “learning” had occurred in the un- 
trained side. On the Sth day the ani- 
mal was tested in extinction with the 
trained cortex functional, and reten- 
tion of training was shown by the 
animal’s making 83 responses without 
reinforcement. This is well above op- 
erant level. The animal was permitted 
one reinforced response with both hem- 
ispheres functional on day 6. One hour 
later the animal was again tested, this 
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time with the trained cortex depressed. 
The extinction score of 56 responses 
indicates that transfer to the previously 
untrained side occurred and that one 
reinforcement was adequate to produce 
such transfer. The degree of success 
in training was tempered by the poor 
physical condition of the animals at 
the end of 2 weeks of continued elici- 
tation of spreading depression, in view 
of which the positive evidence of one- 
trial transfer is additionally convincing. 
So far, 12 animals have shown uni- 
lateral learning, and an additional five 
have shown single-trial transfer. 

These results are intriguing. The en- 
gram remains restricted to one hem- 
isphere even though the neural con- 
nections for transfer are intact, and one 
single performance can result in trans- 
fer. It would seem that the animal does 
not transfer the engram without going 
through the actual behavior which is 
involved and that the “learning” of 
the engram by the untrained side takes 
place in an all-or-none fashion. This last 
point is of particular interest in con- 
nection with the work of Estes (5) 
whose recent psychological investiga- 
tions led him, against his previous 
formulations, to think that learning is 
an all-or-none rather than an _ incre- 
mental process (6). 

I. STEELE RUSSELL 

S. Ocus 
Department of Physiology, 
Indiana University School 
of Medicine, Indianapolis 
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Seasonal Evisceration in the 
Sea Cucumber, Parastichopus 
californicus (Stimpson) 


Many species of sea cucumbers under 
rough handling will discard (eviscerate) 
their intestinal tracts and respiratory 
trees. For many years investigators at 
the Friday Harbor Laboratories of the 
University of Washington have noted 
occasional individuals of the large as- 
pidochirote holothurian, Parastichopus 
californicus (Stimpson), which, when 
examined immediately after being 
dredged, lacked these organs. The gen- 


Table 1. Presence or absence of intestine and 
respiratory trees in Parastichopus californicus 
collected at different seasons. 





No. of animals 





Date* Complete 


viscera 


2 Sept. 1959 12 
28 Sept. — 10 
12 Oct. 

26 Oct. 

11 Nov.t 

10 Dec.t 

27 Dec.t 

22 Jan. 1960¢ 

3 and 5 Feb. 

13 Feb.t 

4 March 12 
18 Marcht Zs 


Incomplete 
visceray 








* Also on 3 April, 30 April, 2 June, 4 July, and 
3 August 1960, 12 specimens were collected, and 
all were found to have their viscera complete. 
+ Intestine and respiratory trees lacking or in 
early stages of regeneration. { Groups of speci- 
mens dredged from deeper water. 


eral assumption has been that these 
animals probably were stimulated to 


eviscerate by the mauling experienced’ 


in the dredge. 

Some years ago in the late fall I col- 
lected a number of these animals from 
shallow water with a potato hook, 
brought them back to the laboratory in 
pails, and immediately opened them. 
The majority lacked the viscera men- 
tioned above. The place of their col- 
lection was too shallow for dredging, 
and there was no reason.to-suspect that 
they had recently been handled by man, 
nor was there any evisceration after they 
were lifted from their habitat. Thus 
spontaneous evisceration, or at least 
evisceration in nature without stimula- 
tion caused by man’s activities, was sus- 
pected. 

In view of Bertolini’s observations 
(J) on Stichopus regalis at Naples, 
which strongly suggests a seasonal evis- 
ceration in that species in late fall, the 
question arose as to whether or not 
Parastichopus californicus might not 
have a similar habit. Therefore, when 
an opportunity to spend another year 
at the Friday Harbor Laboratories (2) 
developed, plans were made fer peri- 
odic collection of this animal from 
shallow water. As it appeared desirable 


to make all collections from the same | 


locality, and because no readily acces- 
sible shallow-water area was found 
where the species occurred in very 
large numbers, each collection had to 
be limited in size. 

Collections of 12 specimens each 
were made from a rowboat from low 
water to about 12 feet below that level 
with a long-handled potato hook. These 


animals were taken along the shore | 


between the observation pier (48°- 
32.7’N, 123°00.4’W) and a cove about 
¥%4-mile north (48°33.3’N, 123°00.3’W), 
known locally as Fern Cove. A sum- 
mary of the findings is given in Table I. 
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-Only one specimen eviscerated while 
being collected—the one noted as hav- 
ing viscera on 26 October 1959. Un- 
fortunately, because of bad weather and 
unfavorable tidal conditions throughout 
the daylight hours, it was impossible to 
make the collections planned for near 
the beginnings of December and Jan- 
uary. However, findings based on 
groups of specimens (indicated in Table 
1 by t) dredged from deeper water 
within a few miles of this locality agree 
with what would have been expected. 
Thus it appears that Parastichopus cali- 
fornicus probably undergoes regular 
evisceration in the month of October 
and that within 1 to 3 months there- 
after regeneration has proceeded suffi- 
ciently for the intestine to be functional 
as indicated by its being full of mud. 
These findings are in close agreement 
with what Bertolini (7) found for Sti- 
chopus regalis and in contrast with 
Dawbin’s (3) finding that in S. mollis 
evisceration appears to be a rare pro- 
cess. No experimental studies have been 
undertaken to determine rates or mor- 
phological details of regeneration, but 
the studies of Bertolini (4), Dawbin 
(5), Kille (6), and Mosher (7) sug- 
gest that such studies might yield inter- 
esting comparative data. 
EMERY F. Swan 
Department of Zoology, 
University of New Hampshire, Durham 
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Radioactive Dating of Tertiary 
Plant-Bearing Deposits 


Abstract. Four potassium-argon deter- 
minations from Tertiary rocks in the in- 
terior of British Columbia have yielded 
dates ranging from 45 to 49 million years. 
This suggests contemporaneity of three 
separate localities within the Middle Eo- 
cene epcch. Abundant plant micro- and 
macrofossils support this conclusion and in- 
dicate a flora quite different from floras of 
comparable age in westerm United States. 


A more complete understanding of 
the Cenozoic history of the southern in- 
terior of British Columbia has long 
been hampered by the lack of a satis- 
factory local time scale, whereby iso- 
lated occurrences of Tertiary sediments 
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Table 1. A summary of localities, previous age determinations, source of samples, and potas- 
sium-argon (K-Ar) datings of Tertiary rocks from southern British Columbia. Constants: ,\, = 





0.589 x 10- yr.; Xg = 4.76 X 10° yr.; K“/K = 0.0118 atomic percent. 











: Previous datings Source of K-Ar datings 
Locality on fossil evidence biotite {10° yr) 
Princeton (12012°W, Late Eocene-Early Oligocene (5), Volcanic ash 48 
4914 °N) Late Oligocene-Early Miocene (5), 
Oligocene or Miocene (5), Eo- 
cene (2, 5), Oligocene (5) 
Tranquille (1201%°W, Late Miocene (5), Miocene (5), Diabase flow 49 
50% °N) Oligocene or Lower Miocene (5) or sill 
Savona Mountain Datings same as for Tranquille Trachyte flow 45 
(120% °W, 503%4°N) 
Rock Creek Eocene (3), Upper Eocene-Oli- Volcanic ash 49 
gocene (4) 





and volcanics could be correlated with 
one another and with better-dated rocks 
of the western United States. Fossil 
plants, insects, fish, and mollusks have 
been collected at various localities, but 
they have provided no clear-cut evi- 
dence of age for any one series of 
rocks. The application of fossils to the 
dating of these. rocks has been com- 
plicated by differences in latitude and 
environment from relatively well-dated 
collections to the south. Lithologic and 
stratigraphic correlations of volcanic 
rocks have led to confusion, and some 
successions originally correlated with 
Cenozoic strata have later been shown 
to be Cretaceous on paleontological 
evidence. Geomorphic evidence of age 
is generally lacking and, even where 
present, has often been ignored or mis- 
interpreted. 

The development of the potassium- 
argon technique for dating has pro- 
vided a new and useful tool for assist- 
ing in untangling the confused data and 
for the establishment of a stratigraphic 
column which is independent of the 
fossil record. Accordingly, we have em- 
barked on a program for absolute dat- 
ing through the collection of potassium- 
bearing rocks, with the ultimate objec- 
tive of providing several well-dated 
horizons in the Tertiary sequence to 
which future paleobotanical, petrologic, 
tectonic, and geomorphic evidence can 
be related. 

To date, four age determinations from 
biotite-bearing »rocks are considered 
most significant because of their inti- 
mate relationships to fossil-bearing 
strata (Table 1). 

A potassium-argon date of 48 million 
years for the Princeton ash places ‘it, 
according to recently proposed time 
scales (J), about the middle of the 
Eocene. This age accords well with 
that indicated by two sets of mammal 
teeth from a coal bed situated 100 feet 
above the ash bed. These teeth were 
identified by Russell and by Gazin (2) 
as remains of Middle Eocene trogosine 
tillodonts. This group of tillodonts is 
only known to range from uppermost 


Lower Eocene to upper Middle Eocene, 


and the Princeton form is known only 
from Middle Eocene. The mutual 
agreement of isotope and fossil dates 
enhances the validity of both and clear- 
ly indicates that the age of at least this 
part of the Princeton succession is Mid- 
dle Eocene. 

In addition to providing an absolute 
datum from which to work, the present 
findings agree with the conclusions pre- 
viously reached by one of us (G.E.R.) 
from a preliminary study of plant 
macro- and microfossils—namely, that 
the Princeton and Tranquille sediments 
contain synchronous floras. Similarly, 
evidence provided by an earlier report 
(3) on a florule near Rock Creek sug- 
gests that it also is synchronous with 
the Princeton ard Tranquille floras. 

The main difficulty in dating the 
floras from the Princeton, Tranquille, 
and other locales appears to result from 
the effects of quite different ecologic, 
physiographic, and latitudinal condi- 
tions from those which accompanied 
the development of well-dated Eocene 
floras in the southern and western 
United States. The Princeton and Tran- 
quille sediments contain a preponder- 
ance of Equisetum, Azolla, Metase- 
quoia, Sequoia, Chamaecyparis, Pinus, 
Alnus, Corylus, and Juglans, together 
with many other species of temperate 
association. This is in contrast to the 
generally subtropical to warm-temper- 
ate aspects of Eocene floras of the Gulf 
Coast and western United States. It 
seems apparent that there was a more 
dramatic change in the whole floral as- 
semblage from southerly into more 
northerly latitudes during Middle Eo- 
cene times than has hitherto been sus- 
pected. This, in turn, would explain 
adequately the widely diversified datings 
which have been given by various 
paleontological investigators (3-5). 

The Princeton and Tranquille floras 
appear to be most closely related to a 
florule reported from Republic, Wash- 
ington, by Brown (6). This florule was 
considered to be older than the mid- 
Miocene Latah flora from Spokane; it 
was provisionally dated by Brown as 
early Miocene. Arnold (7), however, 
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refers to the Republic florule as Oligo- 
cene. The present evidence would sug- 
gest that the Republic florule is Eocene 
in age. 

In terms of age, the Princeton and 
Tranquille floras are synchronous with 
that from the Green River formation 
of Wyoming and Colorado. However, 
there appears to be a fairly large dis- 
crepancy in the floral composition be- 
tween the two. This is not surprising, 
inasmuch as there are some 412° of 
latitude between the two, together with 
unknown ecological and physiographi- 
cal differences. The discrepancies in 
floras point out the continuing need for 
fundamental research on the extent of 
the effect which latitude, altitude, 
mountain barriers, climate, and other 
factors had on synchronous but geo- 
graphically isolated floras of the Ter- 
tiary. 

It is intended that the present pro- 
gram of potassium-argon dating, should 
provide the basis for relating future 
paleontological and stratigraphical in- 
vestigations. With several critical hori- 
zons now well established, it will be 
much easier to relegate more accurately 
many other sedimentary and volcanic 
series to the stratigraphic column. This, 
in turn, will greatly enhance our knowl- 
edge of the history of the Tertiary 
period in western North America (8). 

GLENN E. ROUSE 
Departments of Biology and Botany 
and Geology, University of 
British Columbia, Vancouver 

W. H. MATHEWS 
Department of Geology, 
University of British Columbia 
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Effect of Electroconvulsive 
Shock on an Extinguished 
“Fear” Response 


Abstract. To test Gellhorn’s hypothesis 
that electroconvulsive shock reinstates ex- 
tinguished responses, a conditioned “anxi- 
ety” response was established and then 
extinguished in rats. A series of treat- 
ments did not restore the extinguished 
“anxiety” response; in fact, control ani- 
mals showed appreciable spontaneous re- 
covery of the “anxiety” response while 
treated animals did not. 


Studies reported by Gellhorn (J), 
and a later investigation by Hamilton 
and Patton (2), have shown that convul- 
sions produced variously by Metrazol, 
insulin, or electroshock would reinstate 
previously inhibited (extinguished) con- 
ditioned responses. In these studies ani- 
mals were trained to avoid shock by 
jumping from one compartment to 
another of a double grill box upon pres- 
entation of an auditory stimulus. The 
avoidance response, which was extin- 
guished by means of a series of non- 
shock trials, reappeared after convul- 
sive therapy. 

Griffiths (3) later replicated this find- 
ing by using treadmill running to in- 
duce convulsive seizures. On the as- 
sumptions that the avoidance behavior 
in these studies was motivated by “fear” 
and that the effect of withholding the 
shock following acquisition was to ex- 
tinguish a conditioned “fear” response, 
Griffiths inferred from his results that 
convulsions tend to reinstate the ex- 
tinguished “fear.” 

The present study was intended as a 
test of this inference by a technique 
which was first described by Estes and 
Skinner (4). In this situation thirsty 
animals are trained to press a lever for 
a water reward; the fear response is 
then superimposed on the lever-press- 
ing responding by pairing an auditory 
stimulus with a shock during the lever- 
pressing session. The “fear” response 
appears as a perturbation in the lever- 
pressing curve, accompanied by crouch- 
ing, immobility, and usually defeca- 
tion. 

Twelve male albino rats, 60 days old 
at the start of the experiment, served as 
subjects. All animals were deprived of 
water for 48 hours. They were then 
placed in modified Skinner boxes in 
which they learned to press a lever, 
first for regular, and then for aperiodic, 
water reward. All sessions were of 8- 
hour duration and were run on alter- 
nate days. Animals received no water 
except that obtained in the experimental 
boxes. 

The “fear” response or conditioned 
emotional response was superimposed 
on the lever-pressing habit as follows. 
While the animals were lever-pressing, 
a clicking stimulus was presented for 


3 minutes and terminated contiguously 
with the delivery of a painful electric 
shock (1.5 ma) to the animals’ feet. 
All animals received such conditioning 
trials every 20 minutes through the 8- 
hour session. Not all of these trials, 
however, were shock-reinforced during 
the 8-hour session. Only 50 percent of 
the conditioned stimuli were paired with 
the shock, in a mixed order. 

The conditioned emotional or. “fear” 
response, characterized by suppression 
of lever-pressing, piloerection, urina- 


tion, and defecation was quantified in 


the following manner. A record was 
kept of the number of lever responses 
made by the animal in the 3-minute 
clicker period and the 3-minute period 
preceding the clicker. The magnitude 
of the “anxiety” response was measured 
in terms of a suppression ratio which 
was computed by dividing the number 
of responses made during the 3-minute 
clicker period by the number of re- 
sponses made during the 3-minute pe- 
riod just preceding the clicker onset. 
Complete cessation of lever responding 
during the 3-minute clicker period 
yields a ratio of O and is taken to 
indicate a well-developed “fear” re- 
sponse. Unchanged output during the 
clicker yields a ratio of 1.00 and in- 
creased output a value greater than 
1.00. Mean suppression ratio values 
were calculated for each 8-hour session 
for each animal. Animals received such 
conditioning trials for 23 successive 
days at which time all showed marked 
suppression of lever responding during 
the stimulus period. 


The extinction procedure was the ff 


same as that during conditioning except 
that the shock was omitted. This pro- 
cedure was maintained for seven suc- 
cessive days until the suppression ratio 
values for all animals approximated a 
value above .90. 

Animals were then divided into ex- 
perimental (six animals) and control 
(six animals) groups. The experimental 
animals were given 21 electroconvulsive 
shock treatments administered three per 


Table 1. Suppression ratio values for the last 
conditioning session (I), the last extinction 
session (II), and the first trial of the recov- 
ery test after electroconvulsive shock (III). 


Rat 
No. 





I Il 





Treated group 
AD 1 0.98 
AD 5 : 84 
AD 6 ; 92 
AD 10 - 91 
Mean , 91 
Control group 
AD 4 
AD 7 
AD 8 
AD 9 
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y day for 7 days; the control animals 
c were left undisturbed in their home 
t. cages. Ail animals were given free ac- 
g cess to food and water during the treat- 
3. ment period. 
S, After treatment all animals (5) were 
1g deprived of water for 48 hours and then 
of tested. The test procedure consisted of 
th an 8-hour run with nonshock-rein- 
forced presentations of the clicker every 
r 20 minutes during the session. 
on As is shown in Table 1, all animals 
a- had low suppression ratio values on the 
in last set of conditioning trials, indicating 
as a high degree of acquisition of the 
eS “fear” response. On the last extinction 
ite session, suppression ratio values for 
od all animals approached 1.00, indicat- 
ide ing recovery of lever-pressing during 
red presentations of the clicker stimulus. 
ich After the electroconvulsive shock pe- 
ber riod, however, clear differences are evi- 
ute dent between the treated and the con- 
re- trol animals on the first trial of the test 
pe- session (6). Lever responding by all of 
set. the control animals was almost com- 
ling pletely suppressed in the presence of 
iod } the auditory stimulus, which was indi- 
to cated by suppression ratio values rang- 
re- ing from .02 to .06. All treated ani- 
the mals, on the other hand, continued to 
in- press the lever during the stimulus pres- 
han entation, as is reflected in the suppres- 
lues |} sion ratio values which range from .49 
sion | to 1.00. 
such These results are in accord with pre- 
ssive |} vious findings (7, 8) which demon- 
rked } strated that electroconvulsive shock. 
ring § would virtually eliminate a “fear” re- 
sponse of the type described in the 
the } present experiment. In fact, to the ex- 
‘cept | tent that the “fear” response is spon- 
pro- § taneously recovered during the time in- 
suc- § terval of the treatment period (and 
ratio § the present findings indicate that this is 
ed a considerable), this study is essentially 
similar to the studies of Brady ef al. 
0 €X- @ (7) which did not involve an extinction 
mtrol § phase prior to administrations of elec- 
ental § troconvulsive shock. 
alsive The present. findings that electro- 
e pel B convulsive shock treatments do not re- 
instate extinguished “fear” responses 
appear to be in direct conflict with the 
he last § findings of Gellhorn. This apparent con- 
inction @ flict may result from the possibility that 
recov- 
(111). § electroconvulsive shock treatments have 
at least two effects. One effect is to 
Ill § attenuate “emotional” responding. The 
second effect, suggested by observation 
0.494 Of behavior following electroconvulsive 
1.00 Shock, is to produce hyperirritability, 
0.82§§ which is manifested primarily in easily 
a elicited and high-amplitude startle re- 
* § actions. That this effect of electrocon- 
0.08 vulsive shock will facilitate avoidance 
‘oom Tesponding of the kind studied by Gell- 


horn seems to be indicated by the re- 
sults of a study by Gellhorn and Mina- 
toya (9). These investigators reported: 
| “A partial conditioning leading to an 
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average of only 20% positive responses 
in the control group causes 82% con- 
ditioned responses in the experimental 
group subjected to two hypoglycemias 
during the training period.” 

In the light of this evidence, and in 
view of the present findings, it would 
seem that convulsions do not reinstate 
extinguished responses in any general 
sense. 


IRVING GELLER* 
JOSEPH V. BRADY 
Walter Reed Army Institute of 


Research, Walter Reed Army Medical 
Center, Washington, D.C. 
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Possible Effect of Lethal 
Visible Light on Year-Class 
Fluctuations of Aquatic Animals 


Abstract. Visible light killed the eggs 
and developing embryos of brook and 
rainbow trout. It is hypothesized that light 
could kill the eggs and embryos of all 
aquatic vertebrates and _ invertebrates. 
Adaptations minimize but do not com- 
pletely block this lethal effect. Under 
some circumstances, visible light could 
cause heavy mortality in a new year-class 
of an aquatic animal. 


Eggs of the brook trout, Salvelinus 
fontinalis, stripped from fish at the 
New York State hatchery at Cold 
Spring Harbor in November 1959 and 
retained in the hatchery troughs, suf- 
fered an unusually heavy initial mor- 
tality, estimated at over 90 percent, in 
contrast with a usual mortality for such 
an operation of about 10 percent. Ex- 
perinrents proved that the visible light 
from 40-watt cool-white fluorescent 
bulbs was responsible. 

Similar results were reported by 
Handorf (/) with another species of 
salmonid, the rainbow trout, Salmo 
irideus. Handorf also found that the 
various components of white light 


showed a differential lethal effect on the . 


fertilized eggs and embryos. The violet 


and blue bands were highly lethal, while 
the green, yellow, and orange bands 
were progressively less lethal and of a 
much lower level of lethality. A greater 
resistance to the lethal effect of. all 
bands of visible light was exhibited by 
the more intensely colored yellow eggs 
than by the paler eggs. 

In nature, salmonid eggs are shielded 
from the light by the loose gravel of 
the stream bottom on which they are 
laid and with which they become cov- 
ered during the spawning process. Also 
in nature, salmonid eggs are normally 
of a more pronounced yellow color than 
is usual with the eggs of hatchery fish. 
In the hatchery, it has been proved that 
direct sunlight kills salmon and trout 
eggs in a few minutes, while indirect 
daylight increases the mortality of eggs 
and embryos of the sockeye salmon (2). 
Although the lethal effect.of direct sun- 
light might have been due to ultra- 
violet rays, the subdued indirect light 
entering a hatchery would be devoid of 
ultraviolet rays, and the increased mor- 
tality of the eggs and embryos must be 
attributed to natural visible light. 

On the basis of these findings, it is 
hypothesized that visible light is po- 
tentially lethal to the fertilized egg and 
developing embryo of all fishes, other 
aquatic fishlike vertebrates, and aquatic 
invertebrates. However, through adap- 
tive changes in the structure of the body 
and behavior of the adults and in the 
structure of the fertilized egg and em- 
bryo, the lethal effect of visible light 
has been minimized, at least under nor- 
mal conditions. Obviously in ovovivi- 
parous forms, the abdominal wall and 
the often heavily pigmented, coelomic 
lining shield the fertilized egg and em- 
bryo from the deleterious effects of 
light. 

In oviparous forms, the spawning 
habits of the adults help to protect the 
eggs and embryos from the lethal ef- 
fects of light. A large number of fishes 
and aquatic invertebrates spawn du 
periods of the year when cloudy, wiuuy, 
and rainy weather predominates. Such 
weather conditions, by increasing the 
turbulence and turbidity of the water, 
reduce the penetration of light. Also, 
most fishes and aquatic invertebrates 
spawn in the littoral and _ sublittoral 
zones. Here, submerged and _ floating 
algae in salt water, and vascular plants 
and algae in fresh water, together with 
suspended matter including phytoplank- 
ton, filter out the more lethal violet and 
blue components of light and permit the 
greatest penetration of the less lethal 
green light (3). In the shallower waters 
of the littoral zone and in some lakes 
and streams, plankton and organic 
stains color the water to such an ex- 
tent that only orange or red light, of 
low lethality, penetrates. 

In addition to this general adaptive 
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spawning behavior to minimize expo- 
sure of the egg and embryo to deleteri- 
ous light, more specific types of beha- 
vior have evolved in some forms for 
the same purpose. The covering of 
salmonid eggs with gravel from the 
stream bottom has already been de- 
scribed. Other fishes, with adhesive, de- 
mersal eggs, lay them under projecting 
stones or in crevices between them, on 
the stems and leaves of higher aquatic 
plants, or in clumps of algae. Some 
fishes build elaborate nests which cover 
the eggs and embryos. Still others lay 
their eggs in the empty shells of mol- 
lusks and remain coiled about them 
while they develop. Similar variations in 
spawning behavior occur in other 
aquatic animals besides the true fishes. 

Aside from this adaptive spawning 
behavior, the eggs and embryos them- 
selves have also become adapted to help 
withstand the injurious effect of visible 
light. Such adaptations would be the 
development of structures to disperse 
light or to prevent penetration of lethal 
rays. In the newly fertilized egg and in 
the early embryological stages, the 
small oil globules distributed through- 
out the yolk could help to disperse light. 
In later embryological stages the irreg- 
ular surface of the embryo itself might 
contribute to this dispersion. The newly 
fertilized egg and the yolk and em- 
bryo of later stages are commonly 
tinged with yellow. This would act as 
a filter, permitting mostly the less lethal 
yellow light to penetrate. In the late 
stages of embryological development in 
fishes, large melanophores are common 
over such sensitive portions of the body 
as the brain, spinal cord, and abdominal 
cavity. Large xanthophores are fre- 
quently associated with these melano- 
phores. Nicol (4) also reports that the 
chromatophores in decapod larvae and 
mysids are organized in definite neural 
and visceral groups. 

If the hypothesis that visible light is 
potentially lethal to the fertilized egg 
and developing embryo of oviparous 
aquatic vertebrates and invertebrates is 
assumed to be correct, it can be con- 
cluded that all adaptations tend to mini- 
mize the lethal effect of the light, but 
do not give complete protection against 
it. The degree of mortality of the eggs 
and embryos caused by exposure to 


deleterious visible light would vary with 
changes in the environment. Years in 
which the spawning season extended 
over a period with clear, sunny weather 
comparatively free of wind and rain 
might result in unusually clear water, 
greater penetration of lethal visible 
light, and poor survival of the progeny 
of many aquatic forms. Year-class fluc- 
tuations in aquatic organisms have been 
attributed to changes in a wide variety 
of biological and physicochemical con- 
ditions such as food, predation, disease, 
temperature, salinity, and currents. Yet 
frequently such fluctuations have shown 
either no relationship to or a poor cor- 
relation with these factors. It is sug- 
gested that in these instances visible 
light intensity might have been the. un- 
known factor influencing year-class fluc- 
tuation. 

ALFRED PERLMUTTER 
Department of Biology, 
Washington Square College, 
New York University, New York 
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Formation of Free Radicals in 
Tritiated H,O and D,O Ice 


Abstract. By using tritium as an internal 
source of radiation, electron spin resonance 
spectra may be obtained for samples con- 
tained in glass without the usual disturbing 
effects due to irradiated glass. The pro- 
duction of OH and OD radicals in tri- 
tiated HO and D.O ice may be readily 
demonstrated with this technique. 


Most of the available data on the 
production of free radicals in HO and 
D:O ice have been provided by electron 
spin resonance studies of samples irradi- 
ated by cobalt-60 y-rays at liquid nitro- 
gen temperature (J, 2). 

By using tritium, the effects of much 
higher linear energy transfer may be 
investigated. Moreover, a given sample 
may be irradiated and its electron spin 
resonance spectrum may be examined, 


Fig. 1. OH doublet (a) and OD triplet (5) 
in electron spin resonance spectrum of 
tritiated HeO and D.O ice. The vertical 
line indicates the position of DPPH line. | 

Field increases toward the right. 


both in the same glass tube; thus one 
may obtain “pure” spectra of the ma- 
terials under test without the usual dis- 
turbing effects due to irradiated glass. 

An example of an electron spin res- 
onance spectrum induced by T£-par- 
ticles is shown in Fig. 1. The spec- 
trum, representing the absorption de- 
rivative curve, has been recorded at 
liquid nitrogen temperature with an 
X-band Varian ESR spectrometer, mod- 
el V4500, for a tritiated mixture of 
activity 1 c/ml, containing 80 percent 
H:O and 20 percent D:O. 

The sample was kept over the period 
of about 2 weeks in liquid nitrogen, and 
the total dose of energy absorbed was 
2.9 x 10° ev/ml. Between the external 
peaks (Fig. 1, a) of the doublet, with 
separation approximately 40 gauss and 
g-value about 2.01, is situated a triplet 
(Fig. 1, b) with separation of 6 gauss. 

By comparison with the data reported 
for cobalt-60 y-rays (2), the doublet 
and triplet may be interpreted as due 
to OH and OD radicals, respectively 
(3,54). 

JERZY KRou 

Basi C. GREEN 

JoHN W. T. SPINKS 

Department of Chemistry, University of 
Saskatchewan, Saskatoon, Canada 
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__Kedak reports on: 


kits for oscillographers ... another example of the crudity of bench chemistry... 
° 


how you too can crack the 2500A barrier 


1000 feet, no smell 


Doing paper oscillograms in a stabilization processor? 

We have advice for you. 

Get a supply of Kodak Linagraph 1000 Processing Kits, 
They’re new, based on a new chemical idea. 


Each one supplies a chemical loading to do two 475-foot 
rolls of 12-inch paper 


WITHOUT POOPING OUT, 
WITHOUT REDUCING SPEED. 


Records look magnificent 


AND THERE IS NO PROCESSING SMELL. 


Get some “1000” kits from your usual source of Kodak Lina- 
graph photorecording supplies. See and smell for yourself. 


A holding jig for amino acids 


For about 30 years, when chemists in their crude way have 
tried to couple amino acids together, they have used a “‘carbo- 
benzoxy” group (CsHsCH20CO-) to cap off the amino 
group of one amino acid while preparing the carboxyl end 
of the acid for the coupling reaction. These ‘“‘carbobenzoxy” 
derivatives of amino acids are oily things. More recently 
(J.A.C.S., 74, 3818(1952) ) it has been found that with a 


nitro group in p- position on the ring you get stable crystal- 
line derivatives instead of oil. It is time to make known that 
p-Nitrobenzyl Chloroformate (Eastman 7819) is the proper 
nitro reagent. p-Nitrobenzyloxycarbonyl derivatives of the 
19 common amino acids can be prepared. (Because of the 
nitro group these derivatives can be detected in very small 
amounts by spectrophotometry at 265mu.) 

In the presence of a base to take up the HCI released, you 
condense the reagent with your amino acid. Then you can 
convert the product to an acid chloride and react it with 
the methyl ester of another amino acid. Saponify the re- 
sulting ester and remove the carbo-p-nitrobenzyloxy group 
by hydrolysis. Bench chemistry is crude indeed by compari- 
son with cell chemistry. 

Nevertheless, the reagent is selling rather well. We make 
it by reacting pure p-nitrobenzyl alcohol with phosgene in 
dioxane as solvent. Whether we have ever lost any produc- 
tion through the splitting off of CO2 from the product to 
leave nothing but p-nitrobenzyl chloride, we are not saying. 

We like to let our Catalog No. 42, which lists some 3800 Eastman 
Organic Chemicals we stock, do much of our talking for us. Dis- 


tillation Products Industries, Rochester 3, N. Y. (Division of East- 
man Kodak Company). 


Ultraviolet swab 


Even the sports pages are carrying help-wanted ads for in- 
frared experts. Infrared is riding high. Let’s not forget that 
at the other end of the visible spectrum the old ultraviolet 
is still there. 

In order to stir up interest in the ultraviolet, we shall show 
you how to sensitize photographic plates below 2500A, the 
wavelength down to which all photographic emulsion re- 
sponds but below which the gelatin of the emulsion starts to 
intercept the energy so that people don’t bother as much as 
they should with the spectral lines and other interesting 
phenomena down there. 


ULV. SENSITIZER 
TAPE GLASS 


\ 


UINT-FREE 
BLOTTER 


LINT-FREE 
HANDKERCHIEF 


GUIDE WITH PINKY 


ONE EASY PASS 
SUFFICES 


Working thus in the darkroom, you can extend the sensitivity of 
any of the numerous Kodak Spectroscopic Plates down to 
1000A, even those sensitive to 1.2y. in the infrared. To 
find out what sensitizations are available for —-- a 
tending, and how to make up U-V sensitizer, oS 
write Eastman Kodak Company, Special 
Sensitized Products Division, Rochester 
aN. Y. 


This is another advertisement where Eastman Kodak Company probes at random for mutual interests 
and occasionally a little revenue from those whose work has something to do with science 
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Meetings 


Forthcoming Events 
April 


27-5. American Psychiatric Assoc., an- 
nual, Philadelphia, Pa. (D. Biain, 1700 
18 St., NW, Washington 6) 

28-30. American Psychosomatic Soc., 
18th annual, Atlantic City, N.J. (M. F. 
Reiser, 265 Nassau Road, Roosevelt, 
N.Y.) 

30-4. Aero/Space Instrumentation 
Symp., 7th annual, Dallas, Tex.. (W. J. 
Gabriel, Route 3, Box 36, Fort Worth, 
Tex.) 

30-4. Electrochemical Soc., Indian- 
apolis, Ind. (R. K. Shannon, 1860 Broad- 
way, New York 23) 

30-6. Conference on Internal Medicine, 
Nassau, Bahamas. (Bahamas Conferences, 
P.O. Box 1454, Nassau) 


May 


1-3. American Oil Chemists’ Soc., St. 
Louis, Mo. (K. F. Mattil, Swift and Co., 
U.S. Yards, Chicago 9, III.) 

2-3. American Pediatric Soc., Atlantic 
City, N.J. (C. M. Riley, Denver General 
Hospital, Denver 4, Colo.) 

2-3. Association of American Physi- 
cians, Atlantic City, N.J. (P. B. Beeson, 
Yale Univ. School of Medicine, New 
Haven 11, Conn.) 


2-5. Criticality Control in Chemical 
and Metallurgical Plant, intern. symp., 
OEEC, Karlsruhe, Germany. (European 
Nuclear Energy Agency, 38, Boulevard 
Suchet, Paris 16, France) 

2-6. American Assoc. on Mental De- 
ficiency, Cincinnati, Ohio. (N. A. Dayton, 
Mansfield Training School, Mansfield De- 
pot, Conn.) 

3-5. Nuclear Applications in Space 
Conf., Gatlinburg, Tenn. (J. J. Harford, 
American Rocket Soc., 500 Fifth Ave., 
New York, N.Y.) 

3-6. American Goiter Assoc., Philadel- 
phia, Pa. (J. C. McClintock, 702 Madison 
Ave., Albany 8, N.Y.) 

3-6. Midwestern Psychological Assoc., 
Chicago, Ill. (I. E. Farber, Dept. of Psy- 
chology, State Univ. of Iowa, Iowa City) 

3-7. Student American Medical Assoc., 
Chicago, Ill. (R. F. Staudacher, 430 N. 
Michigan Ave., Chicago 11) 

4-5. Canadian Operational Research 
Soc., 3rd annual, Ottawa. (J. R. Walter, 
CORS, 800 Bay St., Toronto, Ont.) 

4—5. Human Factors in Electronics, 2nd 
natl. symp., Arlington, Va. (H. P. Bir- 
mingham, Human Engineering Develop- 
ment Section, U.S. Naval Research Lab- 
oratory, Washington 25) 

4-5. Society for Pediatric Research, At- 
lantic City, N.J. (C. D. West, Children’s 
Hospital, Cincinnati 29, Ohio) 

4-6. American Ethnological Soc., Co- 
lumbus, Ohio. (Miss N. F. S. Woodbury, 
Arizona State Museum, Univ. of Arizona, 
Tucson) 


4-6. American Philosophical Assoc., 
western division, St. Louis, Mo. (L. E. 
Hahn, Washington Univ., St. Louis 30, 
Mo.) 

4—6. American Soc. of Human Genet- 
ics, Atlantic City, N.J. (W. J. Schull, 1133 
E. Catherine St., Ann Arbor, Mich.) 

4-6. New York State Psychological 
Assoc., annual, Rochester. (H. P. Iker, 
Strong Memorial Hospital, Room R-201, 
260 Crittenden Blvd., Rochester 20) 

4-6. Pediatric Surgery, symp., New 
York, N.Y. (Office of the Associate Dean, 
New York Univ. Post-Graduate Medical 
School, 550 First Ave., New York 16) ") 

4-6. Society for American Archaeol- 
ogy, Columbus, Ohio. (J. B. Wheat, Univ. 
of Colorado Museum, Boulder) 

4-7. Hypertension Symp. (by Hahne- | 
mann Medical College), Philadelphia, Pa. 
(Hahnemann Medical College and Hospi- 
tal, 235 N. 15 St., Philadelphia 2) 

5-6. Population Assoc. of America, 
New York, N.Y. (K. B. Mayer, Dept. of 
Sociology and Anthropology, Brown 
Univ., Providence 12, R.I.) 

5-7. American Soc. of Internal Medi- 
cine, Miami Beach, Fla. (G. T. Bates, 350 
Post St., San Francisco 8, Calif.) ; 

5-7. Wisconsin Acad. of Sciences, Arts, 
and Letters, 91st annual, Waukesha. (T. J. 
McLauglin, Secretary, 2865 N. Prospect | 
Ave., Milwaukee, Wis.) 

5-8. American Psychoanalytic Assoc., 
Chicago, Ill. (Mrs. H. Fischer, 1 E. 57 St., J 
New York 22) 

6-7. Academy of Psychoanalysis, an- 
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nual, Chicago, Ill. (J. H. Merin, 49 E. 78 
St., New York 21) 

6-9. Circuit Theory, 5th midwestern 
symp., Urbana, Ill. (M. E. Van Valken- 
burg, Dept. of Electrical Engineering, 
Univ. of Illinois, Urbana) 

7-10. American Inst. of Chemical En- 
gineers, Cleveland, Ohio. (J. F. Van Ant- 
werpen, ALChE, 25 W. 45 St., New York 
36) 

7-11. Institute of Food Technologists, 
New York, N.Y. (C. S. Lawrence, 176 W. 
Adams St., Chicago 3, III.) 

7-12. Medical Library Assoc., Inc., 
Seattle, Wash. (Miss R. J. Mann, Mayo 
Clinic Library, Rochester, Minn.) 

7-12. Society of American Bacteriol- 
ogists, 62nd annual, Kansas City, Mo. 


(E: M. Foster, 311 Bacteriology, Univ. of 
Wisconsin, Madison 6) 

7-12. Society of Motion Picture and 
Television Engineers, Toronto, Canada. 
(SMPTE, 55 W. 42 St., New York 36) 

8-9. Titrimetric Methods of Analysis, 
symp., Cornwall, Ontario, Canada. [J. R. 


McCallum, Courtaulds (Canada) Ltd., 
Cornwall} 
8-10. Aerospace’ Electronics Conf., 


13th annual natl., Dayton, Ohio. (R. G. 
Stimmel, Institute of Radio Engineers, 1 E. 
79 St., New York 21) 

8-10. Instrument Soc. . of America, 
Power Instrumentation Symp., 4th natl., 
Chicago, Ill. (H.: A. Van Wassen, Du- 
quesne Light Co., Pittsburgh 19, Pa.) 

8-10. Mathematical Theories of Bio- 
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logical Phenomena, symp., New York, 
N.Y. (N.  Rashevsky, Committee on 
Mathematical Biology, 5741 Drexel Ave., 
Chicago 37, Il.) 

8-12. American College of Physicians, 
42nd annual, Miami Beach, Fla. (ACP, 
4200 Pine St., Philadelphia 4, Pa.) 

8-12. American Psychiatric Assoc., 
117th annual, Chicago, Il. (C. H. H. 
Branch, 156 Westminster Ave., Salt Lake 
City, Utah) 

9-11. Western Joint Computer Conf., 
Los Angeles, Calif. (W. F. Bauer, 8433 
Fallbrook Ave., Canoga Park, Calif.) 

10-12. Production Engineering Conf, 
Toronto, Canada. (R. B. Larson, 5701 
Carnegie Ave., Cleveland 3, Ohio) 

10-13. National Science Fair—Interna- 
tional, 12th, Kansas City, Mo. (Science 
Service, 1719 N Street, NW, Washington 
6; D:@)) 

11-13. Acoustical Soc. of America, 
Philadelphia, Pa. (W. Waterfall, 335 E. 
45 St., New York 17) 

11-13. American Inst. of Industrial En- 
gineers, annual, Detroit, Mich. (W. J. 
Jaffe, Newark College of Engineering, 367 
High St., Newark 2, N.J.) i 

11-13. American Radium Soc., Colo- 
rado Springs, Colo. (C. G. Stetson, 350 
Engle St., Englewood, N.J.) 

15-16. Co-ordination Compounds, symp., 
Hamilton, Ontario, Canada. (R. J. Gilles- 
pie, McMaster Univ., Hamilton) 

15-17. Institute of Radio Engineers, 
natl. symp., Washington, D.C. (G. Sha- 
piro, National Bureau of Standards, Wash- 
ington 25) 

15-17. Radiation Research Soc., an- 
nual, Washington, D.C. (E. L. Powers, 
Div. of Biological and Medical Research, 
Argonne National Laboratory, Argonne, 
Ill.) 

15-18. Society of Aeronautical Weight 
Engineers, Akron, Ohio. (D. B. Block, 
4004 Oxford Ave., NW, Masillon, Ohio) 

15-18. Spectroscopy, 12th annual symp., 
Chicago, Ill. (W. Ashby, Continental Can 
Co., Inc., 7622 S. Racine Ave., Chicago 
20, Ill.) 

15-20. Conference on Nuclear Elec 
tronics, Belgrade, Yugoslavia. (J. Burt, 
International Atomic Energy Agency, 
United Nations, New York, N.Y.) 

16-18. Western Conf. on Anesthesiol- 
ogy, biennial, Portland, Ore. (J. O. Bran- 
ford, 2307 NW Overton St., Portland 9, 
Ore.) 

17-20. American College of Cardiol- 
ogy, New York, N.Y. (P. Reichert, 350 
Fifth Ave., Empire State Bldg., New York 
1) 

18-20. Host Tumor Interactions, intern. 
symp., Detroit, Mich. (M. J. Brennan, 
Oncology Div., Henry Ford Hospital, De- 
troit 2) 

22-24. American Thoracic Soc., Cin 
cinnati, Ohio. (F. W. Webster, 1790 
Broadway, New York 19) 

22-24. Global Communications, 5th 
natl. symp., Chicago, Ill. (R. D. Slayton, 
5555 Touhy Ave., Skokie, Ill.) 

22-24. Telemetering Conf., natl., Chi- 
cago, Ill. (J. Becker, AC Spark Plug Di 
vision, General Motors Corp., Milwaukee 
1, Wis.) 

22-25. American Urological Assoc. 
Los Angeles, Calif. (W. P. Didusch, 1120 
N. Charles St., Baltimore 1, Md.) 

(See issue of 17 March for comprehensive list) 
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Ma =36—hal 
Needed Now 


Health Physicist: 


To direct and perform health physics and industrial 
hygiene work at various WTR facilities. Work will also 
include non-health physics engineering that pertains to 
reactor and hot lab work. Must have A.B. or B.S. degree 
and additional training in health physics. 


If you qualify for any one of the above positions, write imme- 
diately to: Mr. C. S. Southard, Westinghouse Atomic Power 
Division, P.O. Box 355, Dept. X-75, Pittsburgh 30, Pa. 


Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 
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Now . . . 39 reproducible infusion rates 
with 5 and 50 mi syringes . . . Use up to 
6 syringes at the same time! Rate reading 
window, preset cut-off, back pressure pro- 
tection. CONTINUOUS INFUSION 2-syringe 
model also . . . simultaneously fills and 
delivers in reciprocating action. 


_ Literature on request 
Specialists in 
Scientific Supply 


WILL ant suvsidiaries 


e Rochester 3,N.Y. @ New York 52,N.Y. e Buffalo 5, N.Y. 
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IMPORTED 
HARD 
PORCELAIN 

FILTERS 











These’ hard porcelain filters have been developed for 
bacteriological and other filtration problems in the 
chemical/pharmaceutical laboratory. The glazed 
porcelain construction facilitates cleaning and is par- 
ticularly useful for work with metal-attacking or metal- 
sensitive materials. Acids in concentrated form have 
no effect on this porcelain. Multi-purpose design per- 
mits universal application to a variety of problems. 
Five different arrangements for operation under pres- 
sure or suction; five versatile assemblies from a single 
basic system. 








Clarifying and sterilizing 
under pressure 








Clarifying 
under suction 











Standard alluvial 
system 


Alluvial system 
under pressure} 








Standard suction 
arrangement 




















Write for catalog 99 FR 1. 


BRINKMANN 


INSTRUMENTS, INC. 


115 Cutter Mill Road, Great Neck, N.Y. 
Philadelphia * Cleveland + Houston * Miami + Menlo Park, Cal. 


1087 








New Products 


The information reported here is, obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


™ OSCILLOSCOPE CAMERA uses any of 
eight interchangeable lenses in varying 
object-to-image ratios with maximum 
aperture to f/1.5; the lenses are housed 
in uniform, prefocused, calibrated 
mounts with keyed positioning threads. 
A sliding back permits interchange of 
par-focal film-holding backs, which lock 
in five detent positions, and rotation 
through 90° increments. The camera 
accepts Polaroid or conventional film. 
(Tektronix, Inc., Dept. Sci150, P.O. 
Box 500, Beaverton, Ore.) 


™ VARIABLE-FREQUENCY GENERATOR for 
ultrasonic studies covers the frequency 
range 1 to 100 kcy/sec with output up 
to 2 Mcy/sec available on special order. 
Power output is continuously variable 
from 0 to 2000 watts at frequencies to 
50 kcy/sec and from 0 to 1200 watts 
up to 100 kcy/sec. The standard unit 
has a choice of ten impedances from 3 
to 200 ohms. (International Ultrasonics 
Inc., Dept. Scil41, 1697 Elizabeth Ave., 
Rahway, N.J.) 


™ BLOOD PRESSURE APPARATUS measures 
the systolic pressure at the ophthalmic 
artery. The pulse pickup device of the 
apparatus is fitted into both eyepieces 
of a pair of goggles that form an air- 
tight compartment around each eye 
socket. The pickup utilizes the manufac- 
turer’s ionization transducer to convert 
pressure changes of the ophthalmic ar- 
tery into audible sounds. Air pressure 
is introduced into the compartment cov- 
ering the eye until the pulse sound 
ceases and systolic pressure is read on 
a standard pressure gage. (Decker 
Corp., Dept. Scil43, 45 Monument Rd., 
Bala Cynwyd, Pa.) 


™ OXYGEN ANALYZER measures traces of 
oxygen in other gases by means of an 
electrolytic cell. The electrolyte is con- 
tained in a plastic block in which the 
cathode, a noble metal gauze, is sus- 
pended. When the sample of gas is cir- 
culated in the cavity above the electro- 
lyte, a small voltage is developed 
through a network to a recorder which 
reads in parts per million of oxygen. 
Traces of oxygen as low as 0.3 part per 
million are said to be measurable; re- 
sponse time is less than 1 minute for 
90 percent change. Readings are inde- 
pendent of the nature of the majority 
gas. (Thermco Instrument Corp., Dept. 
Scil40, U.S. 20, LaPorte, Ind.) 





™ DUAL CENTRIFUGE features a fixed 
satellite table mounted on a.large turn- 
table and so arranged that the absolute 
angular velocity of the small satellite 
turntable is controlled independently. 
Test objects can be subjected to an ac- 
celeration field while they rotate about 
a vertical axis transverse to the field. 
An additional satellite turntable is pro- 
vided in order to achieve balance. The 
independent variable drive on_ the 
satellite turntable permits a sinusoidal 
variation in acceleration forces and may 
be adjusted to any speed regardless of 
the rotational speed of the main table. 
Steady acceleration range is 0 to 100 
grav; range of sinusoidal frequencies is 
0 to 30 per second. An electronic 
counter and tachometers are provided 
for control and measurement. Design 
accuracy is +1 count representing 
+1/600 or +1/60 of a revolution for 
the main and satellite tables, respective- 
ly. Rated load is 2.5 Ib for the satellite 


table and 5 Ib for the main table. The 


main and auxiliary spindles are con- 
nected to external equipment through 
a series of 24 slip rings and brush as- 
semblies. (Schaevitz Engineering, Dept. 
Scil51, Rt. 130 at Schaevitz Blvd., 
Pennsauken, N.J.) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 








GLASS ABSORPTION 
KLETT 


CELLS. "ee 





ards—Klett Reagents. 








SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 



























Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


Mountainside, N. J. 
Somerville, Mass. 
Birmingham, Ala. 
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NOW! 


Easy Demonstration 
of basic Gas 
Laws 


CENCO Kinetic Theory 


Permits quantitative determi- 
nation of the most fundamental 
principles of gas mechanics. 
Adapted from a design by H.F 
Meiners of Rensselaer Polytechnic 
Institute. Plot p-V and p-T curves» 
measure molecular diameters, 
verify the fundamental gas laws 
and Van der Waals Corrections 


No. 77722 


CENTRAL SCIENTIFIC 


A Division of Cenco Instruments Corporation 
1718-M Irving Park Road * Chicago 13, Ill. 


Ottawa 
Cenco S.A., Breda, The Netherlands 








per annem ans 


se peas 





Apparatus 








$295.00 





Montreal Santa Clara (} p | (} | 
Toronto Los Angeles ) 
Vancouver Houston ee Se a 
Tulsa 
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Eliminate guesswork . . . greasemark mistakes. Get posi- 
tive identification. Simply pull tab and a fresh, clean label 
out. Fast, self-sticking labels dispensed one at a 
time. Available in standard or “tissue-high” thickness. They 
accept pen, pencil, ball point pen’or typewriter marking. 


“pops” 


1000 labels per carton. 


Write for detailed 


lost experiments 
with 


MICROSCOPIC 
SLIDE LABELING 


information and the 
name of your nearest TIME distributor. 





tion. 


per minute. 


1:4 to 4:1. 





SELF Sricmins 







YINTE coated 


360 Burlington Ave. 


PROFESSIONAL TAPE CO., 


INC. 
Riverside, Ill. 











For Controlling Artificial Respiration 


For use with compressed air in controlling artificial respira- 


Control of one knob facilitates respiration rates of 15 to 50 
Time ratio may be set to any value between 


Removes for easy cleaning and sterilizing. 


PHIPPS & BIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
[fs/ 6th & Byrd Streets - Richmond, Va. 


CAT. NO. 71-216 











PERSONNEL PLACEMENT 

















CLASSIFIED: Positions Wanted, 25c over 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 

DISPLAY: Positions Open. Rotes listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed tc the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Payment in advance is required 
except where satisfactory credit has been 
established. 


Single insertion 


$40.00 per inch 
4 times in 1 year 


38.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., 
Washington 5, D.C 


NW 














Mii! PostTIONS WANTED iil 


Biochemist, Ph.D. Several years of hospital ex- 
perience, research, publications. Clinical ap- 
pointment with research facilities. Preferred loca- 
tion: Pacific Southwest. Box 80, SCIENCE. 4/14 


Biologist will eos a. $15-$20 per 7 








words. Box 75, SCIE 





Clinical Chemist interested as department chair- 
man in progressive hospital; South preferred. 
Box 79, SCIENCE. xX 





Pathologist, graduate veterinarian, M.S.; Ph.D., 
July 1961; teaching and research ex: rience. De- 


sires research ee a available August 
SCIENCE X 


1961. Box 81, 








in| POSITIONS WANTED fill 


(a) Biochemistry Ph.D., pharmacy minor; ex- 
perienced in radioisotope techniques, cancer and 
hematology research, pharmaceutical development 
with clinical research programs; interested in 
drug development and clinical research director- 





ship appointment. (b) Zoology (Endocrinology) 
Ph.D., chemistry, physiology minors; desires 
academic or research opportunity. S4-1 Med- 
ical Bureau, Inc., Science Division, Burneice 
Larson, Chairman, 900 North Michigan —s 
Chicago. 











Wii! POSITIONS OPEN inn 


MONASH UNIVERSITY 
Clayton, Victoria, Australia 

Applications are invited for the posts of 
Vertebrate Palaeontologist and Ethologist in the 
Department of Zoology. The head of the de- 
partment is Professor A. J. Marshall, D.Phil., 
D.Sc. Oxon. The appointments will be made 
at either lectureship or senior lectureship level, 
depending on the status of the successful appli- 
cants. Both posts offer special opportunities 
for field work. The successful applicant in each 
case must be capable of giving an honors course 
and supervising research students in his subject. 
He would begin duties at some time before 
March 1962. 

Salary scales: Senior lecturer, £ A2480/100/- 
2950; lecturer, £A1660/100/2360; with provi- 
sion for superannuation on the FSSU basis. 
The initial salary will depend on successful can- 
didate’s qualifications and experience. 

General conditions of appoiatment (including 
details of the provisions made for traveling ex- 
penses, housing, and so forth) may be had from 
the Registrar of the university, or from the 
Secretary, A.U.B.C. (address below). Other in- 
formation may be had from Professor Marshall. 

Applications in duplicate, and giving the infor- 
mation listed in the general conditions of appoint- 
ment, should be lodged with the Registrar of the 
University not later than 17 May 1961. An ap- 
plicant resident elsewhere than in Australia or 
New Zealand should also send one copy of his 
application to the Secretary, 
Gordon Square, London, W.C.1. 





A.U.B.C., 36 - 
Xx 


IM POSITIONS OPEN jij 


CLINICAL RESEARCH 


Rapidly expanding, research based ethical 
pharmaceutical company located in the San 
Fernando Valley section of Los Angeles 
has an unusual opportunity for a scientist 
trained in medicine, pharmacology, physi- 
ology, or biostatics. This position requires 
the ability to meet physicians and to set 
up carefully controlled clinical trials of 
promising new products. Salary and title 
commensurate with training and experience. 
Live near your work in the beautiful resi- 
dential areas adjacent to our new research 
and manufacturing facilities. Excellent 
benefit program plus profit sharing. Con- 
tact John Permantier, Personnel Manager 








Riker Laboratories, Inc. 
Northridge, Calif. 








EDITORIAL ASSISTANT 
FOR SCIENTIFIC JOURNAL 


To help determine acceptability of papers, 
with aid of journal’s scientific advisers. Also 
to edit manuscripts. Scientific background 
necessary. Editorial experience helpful. Salary 
open. Washington, D.C., location. 


Box 61, SCIENCE 











RESEARCH ASSISTANTS 
MALE OR FEMALE 
M.S. or B.S. Chemistry or biochemistry. 
Prefer some experience, Many challenging 
projects in enzymology, immunology, psy- 
chiatric research, tissue culture, cardiovas- 
cular studies. Contact Personnel. 
N.Y.U. MEDICAL CENTER 
420 East 34 St., N.Y.C. 
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iii POsrtroNs OPEN iii 


(a) Assistant Technical Manager of foreign divi- 
sion of dairy products firm able to combine 
biochemistry technical duties with customer serv- 
ice aspects; around $8400; East. (b) Organic 
Chemist experienced in natural products synthesis 
and with group leadership abilities for new unit 
of established firm; around $12,000; Midwest. 
(c) Research Scientists to study basic effects of 
radiation in living systems of various types at 
atomic energy institute; foreign. (d) Researcli 
Director with R&D pharmaceutical experience 
and leadership qualifications to organize program 
for drug firm; $15,000-$18,000; Midwest. (e) 
Zoology Assistant Professor to teach endocri- 
nology and allied subjects and develop graduate 
research program at state university; $7000-$8000; 
Midwest. (f) Editor experienced in scientific or 
medical writing and qualified to effectively direct 
activities for group of writers and communication 
scientists for leading pharmaceutical firm; East. 
(g) Bacteriologist to head division of hospital 
expanding to 450 beds with excellent’ facilities; 
$8500 up; Midwest. (h) Biochemistry, Physiology 
Faculty Appointments at expanding college to 
teach and develop research programs; all levels 
from instructor to professor, $5000-$12,000; 
Midwest. (i) Cancer Research Scientist experi- 
enced in tissue culture and virology, genetics, 
cell biology, or immunochemistry for medical 
school; South. (j) Research Associate biochemi- 
cally oriented and trained in biology, zoology, or 
physiology for studies on enzymology and me- 
tabolism of mucopolysaccharides at medical 
school; Midwest. (k) Clinical Scientist qualified 
in immunology, hematology, and blood banking 
for university hospital; high salary; Southwest. 
S4-1 Medical Bureau, Inc., Science. Division, 
Burneice Larson, Chairman, 900 North Michigan 
Ave., Chicago. BEST SOURCE FOR THE BEST 
MEDICAL-SCIENTIFIC POSITIONS. 











iii! —FELLOwsHiPs _ |i 


Predoctoral and Postdoctoral Fellowships in 
Medical Physics. Opportunities to do graduate 
work in the basic medical sciences and in their 
application to clinical problems. Emphasis _ is 
on the fields of radiation biology, radiation 
physics, and the clinical’ use of radioisotopes. 
Study programs leading to the M.S. and Ph.D. 
degrees and postdoctoral research supported by 
fellowships. Stipends vary with training and de- 
pendents. Write to Chairman, Department of 
Radiology, Medical Center, University of Cali- 
fornia, Los Angeles 24. 3/3; 4/7 


The Market Place 


BOOKS + SERVICES + SUPPLIES « EQUIPMENT 











DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will be 
sent on a charge account basis—pro- 


vided that satisfactory credit is es- 

tablished. 

Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 yeor 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 yeor 32.00 per inch 
For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 
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PROFESSIONAL SERVICES 


Mi 





BIOCHEMIST 


Interested in immunology or immunologist to 
head research in hypersensitivity. University 
association, is desired. Salary $8500-$11,000. 
Contact Director Professional Services, Atten- 
tion: Chief, Allergy Service, 


Veterans Administration Hospital 
University Drive, Pittsburgh 40, Pa. 








Histochemist, Enzyme Chemist 


Ph.D. or equivalent, quantitative en- 
zymatic microhistochemistry of brain 
and/or pancreas. Research institute, 
New York. 

Box 78, SCIENCE 








RESEARCH ASSISTANT 


B.S. or M.S., trained in bacteriology, im- 
munology, and/or tissue culture. Full time. 
Original research at Ohio State University. 
Give full personal information, salary de- 
sired, recent photo. 


Box 82, SCIENCE 











STATISTICIAN 


An expanding Midwest pharmaceutical 
company has an opportunity for a statis- 
tician with a Ph.D. or equivalent training. 
Nonroutine and varied work in theoretical 
and applied statistics including design and 


analysis of biological experiments and 
clinical trials. Independent and _ creative 
work required. Small computer facilities 


at hand; large computer available. Liberal 
publication policy. Please send complete 
résumé to 


TECHNICAL EMPLOYMENT 
COORDINATOR 
UPJOHN COMPANY 
KALAMAZOO, MICH. 











TWO INSTRUCTORSHIPS IN ZOOLOGY. 
Ph.D. degree or with all course work completed. 
Teaching experience preferred. Position 1: Em- 
bryology, anatomy, general biology, and possibly 
physiology. Position 2: Ornithology, mammology, 
conservation, general biology, and _ possibly 
physiology. 
Also: Associate Professorship; Ph.D. degree and 
teaching experience. Astronomy-meteorology and 
Structural geology. Initial salary $5500-$6000. 
Write F. Reese Nevin, Chairman, Department of 
Science and Mathematics, State University Col- 
lege of Education, Plattsburgh, N.Y. 4/14 












ANALYTICAL SERVICES 


Amino Acid Analysis of proteins, physiologi- 
cal fluids, peptides, foods, and tissue 
extracts by the Spackman, Moore, 
Stein ion-exchange method, using the 
latest model Beckman-Spinco Analyzer. 

Infrared Spectroscopy using the Beckman 
IR-4 spectrophotometer. 

Fluorometric Methods with the American In- 
strument spectrophotofluorometer. 


Gas Chromatography with the Beckman GC-2 


E 


Rates and other details available. 


RIVERTON LABORATORIES, INC. 


852 Clinton Avenue 
Newark 8, New Jersey 


Essex 4-9550 - Whitehall 4-5584. 























SYMPOSIUM VOLUMES 


CALCIFICATION IN 
BIOLOGICAL SYSTEMS 
Edited by R. F. Sognnaes, 


526 pages with 283 illustrations, 
references, and index; $9.75 
$8.50 cash orders from AAAS members 


CONGENITAL 
HEART DISEASE 
Edited by Allan D. Bass & Gordon K. Moe, 


372 pages with 147 illustrations, references, 
and index; $7.50 
$6.50 cash orders from AAAS members 


Order today from 


AAAS 


1515 Massachusetts Ave., NW 
Washington 5, D.C. 














{hill PROFESSIONAL SERVICES _ |jjj 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging—Toxicological 
Mycological and Bacteriologica 


CS 

(> 
Investigations cy 
United States Testing Co., Inc. 


1415 Park Ave., Hob« 


41lo 


















ken, N 





Iii BOOKS AND MAGAZINES jj 


Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us li 
periodical files you are willing to re high mar- 


ket prices. Write Dept. A3S R’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, 

















Runs and Volumes bought at top prices. 

Your wants supplied from 

our Back Files of over 3,000, periodicals, 
Abrahams Magazine Service N. Y. 3, N. Y. 





Ill SUPPLIES AND EQUIPMENT Il F 














YOU NEED THIS FREE 
CATALOG FOR YOUR FILES, 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 © Denver 16, Colo. 


















"From the hand of the veterinarian 


to research”® 


albino rats 
CHARLES RIVER *CD 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


@Rigidly controlled environment a 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists, 
@10 years experience animal surgery. 
@ Overnight air service from Boston 

* Trademark 


THE CHARLES RIVER BREEDING LABS | 


1018 Beacon St., Brookline 46, Mass. RE. 4-2000 | 
Henry L. Foster, D.V.M., President 








1919 - 1961 ‘ 
LaMotte Chemical } 
Chestertown, Maryland, U.S.A. ' 


Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 


Controls Handbook Dept. H 


DIRT] (-14 


and other tagged compounds 
of HIGH RADIOPURITY 
ISOTOPES SPECIALTIES CO. 
Box 688 Burbank, Calif. 
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HYPOPHYSECTOMIZED RATS i 
@ Only Charles River CD animals used rg 





lists and description of 3 








Eljeet of Rochester... Presents: 


eee new slant 
on Student-T'eaching 


Halla mestxe) of-1 





























Science means progress, and to help 
both teachers and students meet the 
challenge of a changing world, Elgeet 
presents a superb new microscope 
with research instrument features 
never before offered in student-teach- 
ing models! 





The inclined eyepiece is typical of 
the many new features, extending to 
students the benefits of unsurpassed 
convenience, ease of operation, and ef- 
ficiency combined with working com- 
fort, resulting in maximum learning 
possibilities even over prolonged pe- 
riods of close concentration. 

Rugged and versatile, the Elgeet- 











Olympus is precision engineered and 
designed for years of trouble-free serv- 
in ice and priced for educators seeking 
S ma the very best . . . on a budget. 
ists. 
= oF MAIL COUPON NOW 
GJeer-OLYMPUS Model S-2 ‘ 
ee ee ae” a ae ae ore ee 
BS j Pictured standard model S-2 with Dept. S-4 












double revolving nosepiece with Elgeet Optical Co., Inc., Scientific 
Instrument and Apparatus Div., 838 


Smith Street, Rochester 6, New York. 


l ! 

| | 

hard-coated parfocal, achromatic | i 

interchangeable 10X (N.A. .25) and 

ot oe wenn | [[] Please send me complete litera- i 

$ 45 revolving aperture disk to control | ture on the New Elgect-Olympus i 

illumination. 10 Huygenian coated | Microscopes | 
I iece. Choi f con 7 w 

= i I ! [_] Please send name of Elgeet Dealer 

l I 

| | 

| ! 

1 ! 

I | 


in lots of five mirror or interchangeable 20 watt : 
nearest me for free demonstration. 


illuminator (Model LSK) as shown. 





Write for information on other Name 


list price $110.50 each student-teaching models and 
complete microscope line. 





Address 
City State 











Elgeet OPTICAL CO., INC.... SCIENTIFIC INSTRUMENT AND APPARATUS DIVISION 


838 SMITH STREET e ROCHESTER 6, NEW YORK 





“Duality «3 our watchword... Prectston Engine CrOnNg C1 constant goad. ie 






% 

Start here for economical, 
room-temperature counting 
of C'* and H3 

Model 701 

manual operation, 

shown with 8250 scaler 


Add cooling for increased 
efficiency and precision 


manual, temperature controlled operation, 
shown with 8250 scaler and 8600 timer 


Le 3. 
Incorporate automatic sample 
changing as work load grows 

Model 703 

automatic, temperature controlled operation, 
shown with two 8250 scalers, 8600 timer, 
and 8401 digital recorder 


Model 702 


New trom Nuclear-Chicago...a Ttamily of 


liquid scintillation 


Model 701 isthe low-priced basic system for 
workers interested mainly in counting limited num- 
bers of samples. Carbon-14 is counted with high 
efficiency and tritium with somewhat reduced 
efficiency. Model 701 includes components com- 
mon.to all three systems: uniquely sensitive optical 
cell and dual-detector assembly, high-speed two- 
channel pulse-height analyzer, ultra-fast coinci- 
dence circuit, and stabilized high-voltage supply. 
Output signals from this solid-state circuitry are 
shaped pulses which can feed any standard scal- 
ing instrument. From this point, your research 
needs and budget will guide your choice of op- 
tions, now and in the future. 


In Model 702, the dual-detector assembly is 
mounted in a custom-built, precision-controlled, 
low-temperature chamber permitting highest 
counting efficiency for carbon-14 and tritium. Field 
conversion to fully automatic operation requires 
only addition of the sample changer mechanism. 


counting systems 


Model 703’s simple and foolproof sample 
changer, its sophisticated options of data presen- 
tation, and its versatile modes of automatic oper- 
ation suggest it as the system of choice for labo- 
ratories counting many samples. 


One of the three new models in this first family 
of liquid scintillation counting systems is suited to 
your present research needs and to your expand- 
ing programs of investigation. 


Prices for these integrated, compact and func- 
tionally elegant systems range from $5,000 through 
$15,000. Please write for full information. 
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